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Rivers have always been the most important freshwater resources, along the banks 
of which our ancient civilizations.havfe•flourished, and most developmental activities are 
still dependent upon them. River water finds multiple uses in every sector of development 
like agriculture, industry, transportation, aquaculture, and public water supply etc. 
however, since old times, rivers have also been used for cleaning and disposal purposes. 
Huge loads of waste from industries, domestic sewage and agricultural practices find 
their v/ay into rivers, resulting in large-scale deterioration of the water quality. 
The concentration of metal pollutants in the environment is usually low excepting 
in specific areas, which are polluted by various hospitals and industrial wastes. Although 
some heavy metals are essential trace elements, most can be, at high concentrations, toxic 
to all branches of life including microbes by forming complex compounds within the cell. 
Because heavy metals are increasingly found in microbial habitats due to natural and 
industrial processes, microbes have evolved several mechanisms to tolerate the presence 
of heavy metals. Metal resistance is often associated with resistance to single or multiple 
drugs, phenolic compounds and pesticides. 
Several hundred pesticides of different chemical nature are currently used for 
agricultural purposes all over the world. Because of their widespread use, they are 
detected in various envirormiental matrices, such as soil, water and air. Pesticides are 
divided into many classes, of which the most important are organochlorine and 
organophosphorus compounds. Organochlorine pesticides are known to resist 
biodegradation and therefore, they can be concentrated through food chains and produce 
a significant magnification of the original concentration at the end of the food chain. 
The demonstration that wastewater can induce genotoxic effects in aquatic and 
terrestrial species has stimulated interest in this area. Progress in this field is in large part 
due to the development and wide spread use of short-term genetic bioassays. Their 
simplicity, relative speed and low cost in experimentation, and small amount of sjimples 
required for analysis have permitted research in genetic toxicology to flourish. Results 
from genetic bioassays are relevant to human health because the toxicological target is 
DNA which exists in all forms of life. 
In this study, efforts were made to evaluate the genotoxicity of the Yamuna River 
water and contaminated soil to highlight the putative hazards of industrial and domestic 
wastewater in the test system and also to investigate the patterns of resistance developed 
by certain Gram negative bacteria against heavy metals and antibiotics. 
Significant findings along with ttieir explanations arc summarized as under: 
I. Quantitative determination of heavy metals and pesticides 
> Atomic absorption spectrophotometric analysis of water and soil samples revealed the 
presence of a variety of heavy metals viz. Fe, Zn, Cu, Cr, Pb, Cd and Ni. Test water 
samples (Mathura and Okhla) contained high levels of these metals as compared lo 
that of control site (Sarsawa). 
> Soil irrigated with wastewater contained elevated concentration of several heavy 
metals as compared to that of ground water irrigated soil and a significant difference 
was observed in the levels of these metals in two different soils. 
> GC analysis of the water samples showed the presence of pesticides i.e. BHC, aldrin, 
endosulfan, dieldrin, 2,4-D, DDT. dimethoate and methyl parathion. 
> Soil samples were also analyzed for the presence of pesticides by gas chromatography 
and a significant difference was observed between soil irrigated with wastewater and 
ground water irrigated soil. 
> Some unidentified peaks in the gas chromatograms of the test water and soil samples 
were also observed, which showed the presence of other contaminants in the test 
samples. 
These findings clearly indicated that test water and soil samples contained several 
organochlorine and organophosphorus pesticides. Several heavy metals were also present 
in the test samples. Wastewater irrigated soil contained elevated level of heavy metals as 
compared to that of ground water irrigated soil. This might be due to the strategic 
position of the area of our study namely the outskirts of Aligarh City which houses many 
lock manufacturing, steel and electroplating industries and their effluents would contain 
quite a large amount of these metals. 
II. Heavy metal and antibiotic resistance in Gram negative bacteria isolated from 
the river water and soil 
Certain Gram-negative bacteria {Pseudomonas spp., E. coli, and Azotobacter 
chroococcum) were isolated from the Yamuna water and soil, and identified on the basis 
of morphological, cultural and biochemical characteristics. 
> All the bacterial isolates were tested for their resistance against certain heavy metals 
i.e. Ui\ Cd' \ Cu'^ Cr ' \ Cv'\ Zn^\ Ni'^ and Pb'^ 
I l l 
> A high level of metal resistance was observed in bacteria isolated from water and soil 
irrigated with wastewater as compared to that of ground water irrigated soil. Most of 
the isolates showed MIC of more than 200 |ig/ml to these metals. Further, MIC 
values upto 3200 |ag/ml were recorded. Majority of the isolates from water and 
contaminated soil were resistant to multiple metal ions. 
> All the bacterial isolates were also tested for their sensitivity against 17 commonly 
used antibiotics/drugs and most of the isolates were resistant to multiple antibiotics. 
> Some of the multiple metal and antibiotic resistant strains were further screened for 
the presence of plasmid DNA and characterized by agarose gel electrophoresis. The 
molecular weight of the plasmids were calculated using photocapt software (Vilber 
Lourmat, France). The molecular weight of Pseiidomonas plasmids were in the range 
of 49.9-56.8 kb, while that of £. coli were in the range of 51.0-53.5 kb. 
> Resistance markers could be transferred from multiple metal resistant strains to 
recipient E. coli K-12 AB2200 strain by conjugation. 
> Bacterial cells seem to have cured of plasmid DNA on treatment with ethidium 
bromide and acridine orange. 
The above findings suggest that the Yamuna water and soil is heavily polluted 
with several types of pesticides, toxic metals as well as the potentially hazardous bacterial 
flora because of their capacity to resist one or the other well known chemotherapeutic 
agents. Moreover, the occurrence of resistant bacterial species can be detrimental for the 
ecosystem. Present study also indicated that not all species have evolved resistance 
mechanisms for metals and antibiotics. Many sensitive species might have been 
eliminated by the pollutants and their place is taken by the resistant species which have 
different ecological properties. The resistant microorganisms often failed to perform 
specific ecological functions. One step ahead of the above, we can envisage the alarming 
situation prevailing in our system and surrounding in the light of transmissible nature of 
R-plasmids. 
Ill: Genotoxicity of the Yamuna River water 
> Test samples (Mathura and Okhla) displayed significant enhancement in the number 
of his^ revertant colonies as compared to that of control site (Sarsawa). 
> TA98, which are frame shift mutants were found to be the most sensitive strain. The 
number of revertants at the dose level of 10 |il/plate was 522 when tested with the 
XAD concentrated water samples of Okhla as compared to that of Mathura at the 
same dose (464 his^ revertants). 
> Ail the tester strains responded significantly even in the absence of S9 liver 
microsomal fraction. 
> The mutagenic activity of XAD concentrated samples was further enhanced in the 
presence of S9 fraction. 
> Liquid-liquid extracted water samples also exhibited a remarkable level of mutagenic 
activity . Strains TA98, TAIOO, TA97a displayed a linear dose response relationship 
with the test samples as long as the dose was within the tolerance limit of the strains. 
However, the presence of S9 fraction either slightly decreased the number of 
revertants or remains the same as compared with that in the absence of S9 fraction. 
> Strains TA98 and TA97a exhibited the maximum mutagenic activity with 2411 and 
1508 net revertants/liter of water respectively when treated with liquid-liquid extracts 
of Mathura in the absence of S9 fraction. 
> XAD-concentrated water samples of Mathura resulted significant mutagenic response 
with TA97a (9825 revertants/liter) and TA98 (11738 revertants/liter) strains in the 
absence of S9 fraction. 
> The number of net histidine revertants/1 with strain TA98 in the absence of S9 
fraction was 12918 when treated with XAD concentrated water samples of Okhla. 
> The recA, lexA, and polA mutants of E. coli K-12 were highly sensitive in the 
presence of test samples (XAD-concentrated and liquid-liquid extracted) of Mathura 
and Okhla. All the mutants invariably exhibited a significant decline in their colony 
forming units (CPUs) as compared to their isogenic wild type counterparts. The lexA 
and polA mutants were found to be the most sensitive strains. 
> The damage brought about in the cell in the presence of XAD-concentrates was found 
to be remarkably high as compared to liquid-liquid water extracts of the test sampling 
sites at the dose level of 20 ^l/ml of culture. 
> Extracellular treatment of bacteriophage X with test samples resulted in significant 
loss of plaque forming units. 
> The survival was 30% in lexA strain when the phage was treated with liquid-liquid 
extracted water sample after 6 h of treatment and it was only 17% in case of XAD-
concentrated water samples of Mathura. The recA mutant also exhibited decline in 
their plaque forming units as compared to their isogenic wild-type counterparts. 
> The survival was 30.3% in lexA strain when the phage was treated with liquid-liquid 
extracted water sample after 6 h of treatment and it was only 18.4% in case of XAD 
concentrated water samples of Okhla. 
Mutagenicity assessment of the Yamuna River water demonstrated that it has 
been polluted by a mixture of genotoxins with both bacterial mutagenic and genotoxic 
effects. Our results are consistent with the idea that the test water samples would be 
remarkably genotoxic. Moreover, the water samples also initiate the SOS response and 
thus bring about the mutation in the bacterial DNA. The genotoxic effect of the test water 
samples would obviously pose a risk of neoplastic transformation in humans using 
untreated Yamuna River water for drinking. 
IV: Genotoxicity of soil 
>• Agricultural soil irrigated with wastewater was found to be most responsive to the 
Salmonella tester strains as compared to that of ground water irrigated soil. 
> Extracts of soil with methanol were found to be more mutagenic in agricultural soil 
irrigated with wastewater than acetonitrile and acetone extracts. Extracted soil 
samples (methanolic) exhibited a significant degree of mutagenicity with TA98 strain 
(218 net revertants) at the dose level of 80 |il/plate. The reversion property which 
displayed an increasing trend up to 80 |il/plate declined sharply at 100 |il/plate. 
> Significantly enough the presence of 89 liver microsomal fraction exhibited an 
inhibitory effect on appearance of his* revertants. 
> Extraction of soil with acetonitrile and acetone also displayed the maximum 
mutagenicity with TA98 strain both in the presence and absence of S9 fractions. 
> Ames tester strains TA102 and TA104 were less sensitive to test samples. 
> The recA, lex A and polA mutants of E. coli K-I2 were sensitive to the test samples 
(soil extracts) as compared to their isogenic wildtype counterparts. 
> polA and lexA mutants were the most sensitive strains when tested with soil extracts 
but the decline was more pronounced when they were treated with extracts of soil 
irrigated with wastewater than ground water extracted soil. 
> The survival was 16.5%, 21.0% and 33.7% mpolA strain after 6 hours of treatment 
when tested with wastewater irrigated soil extracts of methanol, acetonitrile and 
acetone respectively. 
> Extracellular treatment of bacteriophage X resulted in significant decline in plaque 
forming units in wastewater irrigated soil extracts as compared to that of ground 
water irrigated soil. 
These findings strongly suggest that the agricultural soil irrigated with wastewater 
contained certain genotoxic agents, which are capable of inducing mutations. In view of 
the common practice of application of untreated wastewaters to agricultural land in the 
neighboring area should be strictly prohibited as the pollutants might enter into the food 
chain and causing health hazards to humans. 
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Introduction 
Industrial wastes and effluents are undesirable by-products of economic 
development and technological advancement. Ilazardous wastes include chemical 
compounds, effluents, discharges, sludges, and wastewater from industrial sources, air 
borne pollutants released from industries or waste sites (Houk, 1992; Carbrera and 
Rodriguez, 1999). When improperly handled and disposed, industrial wastes imperil both 
human health and environment. Increased incidences of gastro-intestinal cancers, bladder 
cancers, reproductive abnormalities, and congenital malformation have been found in 
populations living near hazardous waste dump sites (Houk, 1992). 
The Yamuna River is one of the heavily polluted rivers in India. The pollutants 
flowing into the river are contributed from the wastes of the cities situated along its bank. 
The Yamuna River passes through Delhi, the capital of India, where it receives large 
volumes of domestic and industrial effluents. The quality of water further gets 
deteriorated at Mathura, a city at a distance of 135 Km from Delhi as well as at Agra, the 
city of Taj Mahal. Both of these cities indiscriminately pour their domestic and industrial 
wastes either partially treated or altogether untreated (Ajmal et al., 1985). Further at 
Mathura, on the bank of the River Yamuna, an oil refinery was set up in 1980, which 
discharges 16000m^ effluents per day in a drain leading towards the Yamuna after basic 
treatment and therefore it also deteriorates the quality of river water (Aziz et al., 1994). It 
is the lifeline of majority of the population living in the cities, villages, towns and it is 
routinely used by millions of people for outdoor bathing and also for drinking (CPCB, 
1999). 
In most towns of India, the raw sewage is used either directly to irrigate the 
agricultural land as a supplement of essential plant nutrients or disposed into fresh water 
streams which again can be used for agricultural purposes (Kansal, 1994). In the city of 
Aligarh (India), wastewater coming from both industrial and domestic sources and 
without any treatment is used to irrigate the agricultural crops. This practice has been 
polluting the soil and pollutants could possibly reach the food chain. However, this 
treatment increases crop production and results in the accumulation of toxic substances in 
soil and in the crop as sewage is usually contaminated with pollutants such as heavy 
metals and polychlorinated substances from domestic and industrial wastes that enters 
into the sewer system (Bansal, 1998). 
In industrialized areas, high concentrations of heavy metals have been often found 
in soils and wastes, establishing a serious ecological risk (Singh and Steinnes. 1994). 
Microorganisms are the first biota that undergoes direct and indirect impacts of heavy 
metals, being in available forms in soil solution or absorbed on soil colloids (Brookes, 
1995; Giller et al., 1998). The metals affect microorganisms by reducing their number, 
biochemical activity, diversity and changing the community structure However, metal 
exposure also leads to the establishment of resistant microbial populations, which are 
often represented by several Gram negative and Gram positive bacteria (Kandeler et al., 
2000, Ellis et al, 2003). There is also evidence of a correlation between resistance to 
heavy metals and antibiotic resistance, a global problem currently threatening the 
treatment of infections in plants, animals and humans (Spain. 2003; Pal et al., 2004). 
Despite these facts, coupled with the well known genotoxicty of certain pesticides 
and heavy metals (Pagano and Zeiger, 1992, Malik and Ahmad, 1995; Ruiz and Marzin, 
1997) no concerted efforts have been made to investigate the genotoxic potential of the 
Yamuna River water and soil irrigated with wastewater of Aligarh City. Traditionally the 
impact of toxic pollutants discharged into water resources or soil irrigated with 
wastewater have been evaluated by measurement of specific chemical pollutants or 
perhaps more commonly surrogate chemical parameters in the discharge. A major 
problem for this approach is the need for complex analytical techniques in the 
identification and quantification of all the pollutants of interest. Furthermore, risk 
estimation derived solely from the presence of specific pollutants requires detailed 
knowledge of the toxicological properties of these pollutants both singly or in 
combination. An alternative approach for testing contaminated soil or water involves the 
use of biological test system for determining the toxicological impact of industrial and 
municipal discharges. 
In view of these long-term problems associated with environmental pollution, the 
practical application of the present work is to highlight the putative hazards of industrial 
and domestic wastewater in the riverine system and soil. It is, therefore, aimed to address 
the problem on the following lines: 
• Quantitative determination of heavy metals and pesticides from the river water and 
soil by atomic absorption spectrophotometery and gas chromatography. 
• Isolation and identification of Gram negative bacteria from the river water and soil. 
Determination of heavy metal and antibiotic resistance in isolated bacteria and 
isolation of plasmids from the multiple metal and antibiotic resistant bacterial 
isolates. 
To confirm the role of plasmids in mediating such resistance and their possible 
transfer by conjugation. 
Evaluation of genotoxicity of water from the River Yamuna using Ames Salmonella 
assay, DNA repair defective E. coli K-12 mutants and bacteriophage A. systems. 
Evaluation of genotoxicity of agricultural soil employing Ames Salmonella assay, 
DNA repair defective E. coli K-12 mutants and bacteriophage A, systems. 
Chapter I: Review of literature 
The riverine system in India is severely polluted and at several locations it has 
reached alarming levels. The Yamuna River originates from the Yamunotree glacier near 
Bandar punch (30°58' N, 78°27' E) in the Mussorie range of lower Himalayas. The 
problem of pollution of the Yamuna water is due to the discharge of industrial effluents 
and domestic waste into the river, in addition to other sources of pollution such as 
disposal of dead bodies, cattle bathing and washing of clothes etc. (Trivedy, 1988). 
Water borne diseases have been a major health problem throughout history during 
this century. However, improved quality of drinking water have decreased the incidence 
of outbreaks of water borne diseases, although they are still a problem especially in 
developing countries. ControWing outbreaks of water bonve diseases has been auained by 
decreasing the direct input of wastewater to natural waters, improving wastewater 
treatment, protecting raw water resources and monitoring hygienic quality of water 
(Craun, 1990). 
Fecal indicator bacteria are enumerated in waters in order to evaluate hygienic 
quality because in practice all the pathogenic agents that are potentially present can not 
be enumerated. If indicator bacteria are present, there is probability that pathogenic 
organisms (viruses, bacteria and protozoa) excreted in feces are also present and that the 
water can transmit waterbome infectious diseases. Indicator bacteria have traditionally 
been monitored in water pollution control to help limit the spread of these diseases. 
However, indicator bacteria are inadequate for assessing the risk of viral and protozoans 
(Cabelli, 1978). 
Soil is an environment rich in its diversity of bacterial species; it has been 
estimated that half of the known bacterial genera contain species which can be considered 
as soil bacteria (Clark, 1967). Different types of bacteria including symbiotic and free 
living nitrogen fixers, nitrifiers, members of Pseudomonadaceae, Enterobacteriaceae, 
Alcaligenes and Cyanobacteria have been reported to be present in metal polluted soils by 
different workers (Diels et ai, 1988; Malik and Jaiswal, 2000; Athar and Ahmad, 2002; 
Malik and Ahmad, 2002). Elevated levels of heavy metals can affect the qualitative as 
well as quantitative structure of microbial communities. Several studies have found that 
metals influence microorganisms by adversely affecting their growth, morphology, and 
biochemical activities, resulting in decreased biomass and diversity (Barkay et ai, 1985; 
Baath, 1989; Reber 1992; Malik and Ahmad, 2002; Rajapaksha et al., 2004). Soil 
microorganisms p\ay a vita) ro\e in various biochemical cycles in the soil ecosystem. 
Therefore, any change in the type or quantity of soil microorganisms may disrupt the 
natural soil ecosystem, which in turn may influence soil fertility (Juwarkar et al.. 1988). 
Escherichia coli 
The genus is named after Theoder Escherich who was first to describe the colon 
bacillus under the name Bacterium coli commune (1885). Based on minor differences in 
biochemical characteristics, colon bacilli were described under various names but in view 
of mutability of the biochemical properties of this group, they have all been included in 
one species. E. coli is Gram negative, straight rods measuring 1-3 ^m x 0.4-0.7)im 
arranged singly or in pairs. It is motile by peritrichous flagella, though some strains may 
be non-motile. Capsules and fimbriae are found in some strains. Spores are not formed 
(Alcamo. 1997). 
It is a facultative anaerobe capable of fermentative and respiratory metabolism. 
Under anaerobic growth condition there is an absolute requirement for fermentable 
carbohydrates. The temperature range is 10-40°C but the optimum temperature is 37°C. 
Good growth occurs on ordinary media. Colonies are large, thick, grayish, white or 
colorless, moist, smooth, opaque or partially translucent. This description applies to the 
smooth (S) form seen on fresh isolation, which is easily emulsifiable in saline. The rough 
(R) forms give rise to colonies with an irregular dull surface and are often auto-
agglutinable in saline. The S-R variation occurs as a result of repeated subcultures and is 
associated with the loss of surface antigens and usually of virulence. Some strains may 
occur in mucoid form (Talaro and Talaro, 1993). 
Glucose, lactose, mannitol, maltose and many others sugars are fermented with 
the production of acid and gas. The four biochemical tests widely employed in the 
classification of enterobacteria are indole, methyl red (MR), Voges Proskauer (VP) and 
citrate utilization tests, generally referred to by the mnemonic TMViC. E. coli is indole 
and methyl red positive and Voges Proskauer and citrate utilization negative. Gelatin is 
not liquefied, H2S is not formed, urea is not split and growth doesn't occur in KCN 
medium (Ananthnarayan and Paniker, 1994). 
Pseudomonas spp. 
Pseudomonas strains are absolute aerobes typically polar flagellated. Gram 
negative rods usually less than 1 |im in diameter and not more than 4-5 ^m in length. 
although some strains (fluorescent plant pathogens, P. putida) may have cells which are 
considerably longer. The flagella are usually polar but in some instances sub-polar 
attachment is more common (Stanier et al., 1987). Pseudomonas strains are ver\ 
common in natural habitats particularly soil, water, spoiled food and diseased plants from 
which both fluorescent and non-fluorescent Pseudomonas could be isolated. The capacit> 
of Pseudomonas for growth in very simple media and their widespread occurrence made 
them appear as prime participants in the process of mineralization of organic matter in 
nature (Soaktch and Ornston, 1986). Pili or fimbriae can be observed in the cells of man> 
species to which a number of different functions have been attributed: cell to cell contact 
(Heumann, 1962), phage adsorption (Bradley, 1972). attachment to cell surfaces 
(Buchanan and Pearce, 1979) and twitching motility (Bradley, 1980). 
Properties of Pseudomonas colonies such as shape, color, edge and surface 
ornamentation in some instances give important clues for identification. P. aeruginosa 
strains normally have flat, creamy colonies which ha\'e tendency to spread over agar 
surface. Strains with mucoid colonies can be isolated from respiratory infection 
associated with cystic fibrosis. These strains produce alginate, a polysaccharide 
composed of D-mannuronic acid and L-glucuronic acid (Evans and Linker, 1973). P. 
aeruginosa was the only species of the genus known to have this capacity, but Govan ei 
al. (1981) reported the same property in carbenicillin-resistant strains of the related 
species, P.fluorescens, P. putida and P. mendocina but not in many other species. 
Pigment production is a useful property for species determinaUon. Pigments ma\ 
be of various chemical types. This may be soluble in water and freely diffusible into the 
culture medium or they may remain associated with cell. Best known of the soluble 
pigments are the fluorescent pigments. These pigments are strong iron chelators and 
allow growth in the medium having low iron content. Important soluble pigment is 
pyocyanin, a phenazine derivative characteristic of P. aeruginosa. Several carotenoids 
are characteristic of some groups (for instance P. mendocina) (Palleroni, 1978). 
Physiological characteristics that have been frequently used to determine 
Pseudomonas species include the oxidase reaction, growth factor requirements, nitrate 
reduction, denitrification, hydrolysis of starch, gelatin, poly-P-hydroxybutyrate, lecithin 
and arginine dihydrolase reaction. 
Azotobacter chroococcum 
Azotobacter chroococcum had been isolated by Beijerinck in 1901. Generally 
there are seven species of the genus Azotobacter differentiated on the basis of cell shape, 
pigments, and motility. A. chroococcum is the species most frequently occurring in 
different soils but rarely exceeds lO"*'" CFU/g of soil (Subbarao, 1995). Due to its 
multiple physiological attributes of broad-spectrum utility, the use of the Azotobacter is 
recommended for various crops. Azotobacter chroococcum, mainly occurring in neutral 
or alkaline soil. Azotobacter vinelandii and A. beijerinckii, originally isolated from North 
American soil. Cell size, flagellation, pigmentation and production of extracellular slime 
are considered as diagnostic features of these bacteria in distinguishing species. It has 
been observed that A. chroococcum displayed three fold effect as follows (Verma and 
Paul, 2000): (a) Nutritional: Helps in saving nitrogenous fertilizer (10-20 Kg N/ha) and 
phosphate solubilization, (b) Stimulatory: Secretes growth-promoting substances (indole 
acetic acid, gibberellic acid etc.) which helps in better seed emergence and expanded root 
system, (c) Therapeutic: Suppresses the growth of saprophytic and pathogenic 
microorganism near the root system and reduces the damage to crop by plant diseases. 
The bacteria belonging to the genus Azotobacter are Gram negative, some strains 
are motile by peritrichously located flagella, pleomorphism is common and variety of cell 
shapes and sizes have been observed. Cells are ovoid or even yeast like in appearance, 
mesophillic (optimum growth temperature 30°C) and obligate aerobe. They are catalase 
positive and grow best with nitrogen free or simple forms of combined nitrogen, capable 
of fixing atmospheric nitrogen asymbiotically, widely distributed in soil. There is only 
one species of Azotobacter i.e. A. paspalum (identified by Dobereiner, 1966), which was 
specifically associated with Paspalum notatum, a grass which is classed as a case of 
associative symbiosis (Verma and Paul, 2000). 
Environmental pollution 
India is a huge country with more than one billion population and only second to 
China in terms of man power. Since independence, an all round and unprecedented 
growth has taken place in several areas such as industry, agriculture, power generation, 
oils and minerals exploration, telecommunications, shipping and aviation, science and 
technology etc. (Srinivas, 1999; Sundaravadivel and Vigneswaran, 2003). The rapid 
industrialization, fast urbanization and over population consequently resulted in the 
tremendous release of xenobiotic compounds into the environment and thus the 
environmental pollution has become a serious problem in India. Large quantity of various 
chemicals, some of which are highly toxic are used routinely by the industries and 
consumers either for material comfort or for enhanced agricultural productivity 
(Viswanathan, 1985). 
One of the problems of extensive production of chemicals is associated with the 
release of even increasing number of various toxic chemicals in the environment and 
their exposure to living community. At present most of the industries in India are 
operating without any treatment plants for their liquid wastes or gaseous emissions. 
Industrial, commercial and domestic wastes are disposed off indiscriminately into the 
drains or on the lands. Such a callous disposal of waste material which may contain toxic 
and radioactive chemicals or disease producing microorganisms may lead to serious 
health problems (Ray and Gupta, 1986; Rawat et ai, 2003; Singh et al, 2004). 
Heavy metal pollution 
Heavy metals are among the most common environmental pollutants, and their 
occurrence in water and biota indicate the presence of natural or anthropogenic sources 
(Forstner and Wittman, 1979). The main nat'oral sources of metals in water are 
weathering of minerals. Industrial effluents, non-point pollution sources, as well as 
atmospheric precipitation (Solomons and Forstner, 1984) can also be sources of increased 
concentrations of heavy metals. Air masses supplying acidic pollutants also carry 
significant amounts of certain metals which contaminate the terrestrial and in particular, 
aquatic environments (Klavins et al., 2000). 
Heavy metals pollution in aquatic environment 
There are various sources of domestic and industrial effluents leading to heavy 
metal enrichment of water, sediments, vegetations and fish in rivers. Knowledge of the 
distribution of heavy metals in water, sediments, plants and fish play a key role in 
detecting sources of heavy metal pollution in aquatic system (Forstner and Wittmann, 
1981; Moore and Ramamorthy, 1984). 
Ajmal et al. (1985) have reported the high concentration of heavy metals (Cd, Co, 
Cr, Cu, Fe, Mn, Ni, Pb and Zn) in water and sediments of the Yamuna River due to 
sewage and industrial effluents. Singh et al. (1997) determined the concentration of 
various heavy metals (Cr, Cu, Co, Fe, Mn, Ni, Pb, Zn and Cd) in sediments of the Gomti 
River (India). Alam and Ahmad (1999) also reported the presence of metals (Zn, Ni, Co. 
Pb and Li) in the Yamuna River water at different sampling stations in the capital of India 
(Delhi). 
Kaushik et al. (2001) investigated the heavy metal pollution of the Yamuna River 
in the industrially developing state of Haryana and Delhi, selecting 16 stations covering 
the upstream and downstream stations for major industrial complex of the state. The 
concentration of Fe, Ni and Co were found to be in the range of 0.07-3.84, 0.02-0.25 and 
0.05-0.41 mg/1 respectively which exceeded the maximum permissible limits prescribed 
for drinking by WHO (WHO, 1984). 
Barghigiani et al. (2001) reported the results of a monitoring program of six rivers 
(Serchio, Cecina, Cascina, Era, Elsa and Pavone) in Italy. In this area, agricultural, 
industrial and urbanization pressures affect water quality in terms of suitability to the 
survival of aquatic organisms. They monitored water for several physico-chemical 
parameters (Temperature, DO, suspended solids, total ammonia, nitrites. Cu, Cd, Cr, Ni 
and Pb) in order to assess the anthropogenic impact on the environmental conditions of^ 
these watercourses and their suitability for fish life. Concerning the metals, inter element 
relationship (between Cr and Ni, Pb and Cr, Ni and Pb and Cu, Cu and Pb) were found 
which allow some remarks on the origins of the anthropogenic impacts. 
Various environmental problems due to heavy metal pollution in India have been 
reported (Chandra, 1980). Chatterjee and Banerjee (1999) determined the levels of lead 
and other 19 elements in the residential area of greater Calcutta (India), where 50,000 
people reside in the vicinity of a lead factory and reported the presence of high 
concentration of these metals in the area. 
Detailed studies have been carried out in and around Jeedimetla industrial area in 
Andhra Pradesh (India) to determine the extent of heavy metal contamination in soil and 
water by Govil et al. (2001) and observed that soil as well as water in the area has a high 
contamination of Pb, Ni, Cu, Mn, Zn, As, Sr, Cr, Cd and Ba. The level of these elements 
were found to be far above the normal distribution of these elements in nature. 
Most of the foodstuffs like fresh vegetables, cereals and fruits contain the elevated 
levels of several heavy metals. Crops grown in polluted soil (from industrial 
contamination and from use of sewage sludge as fertilizer) or irrigated with polluted 
water may increase concentration of heavy metals. Some seafood also contained higher 
levels of many trace elements especially the elevated level of lead in the air of rural areas 
have been documented. It is known to be present in milk and dairy products as well as in 
wine (WHO, 1984). 
The mutagenic effect of metals on bacteria has been known since early 1950s 
(Demerec and Hanson, 1951). Some metals have been detected as genotoxins in a 
suspension assay using Bacillus subtlis (Nishioka, 1975: Kanematsu et ai, 1980) and £. 
coli Lac I systems (Zakour and Glickman, 1984), Lambda prophage induction (Rossman 
et al., 1984, Vargas et al., 2001) as well as the fluctuation assays (Arlauskas et al., 1985) 
have also confirmed the genotoxic effect of certain metal ions. 
It is known that heavy metal contamination lessens soil respiration (Hattori. 
1992), microbial biomass (Brooks and McGrath, 1984), soil enzyme activities (Mathur 
and Sanderson, 1980) and microbial numbers (Malik and Ahmad, 2002). Codina et al. 
(1995) evaluated the heavy metal genotoxicity using different microbial tests: the Ames 
Salmonella tests, the E. coli WP2 tests, the mutation test detecting mutagenicity, and the 
SOS assay with E. coli detecting enzyme induction. All the metals tested (Cd, Cr, Cu, 
Hg, Ni and Zn) were detected as genotoxins by the mutatox and the SOS test. The Ames 
Salmonella test and E. coli WP2 assays only detected chromium as genotoxic causing 
mutagenicity. Pagano and Zeiger (1992) reported that cobalt chloride (Co^*), ferrous 
sulfate (Fe^ "^ ), manganese sulfate (Mn^ "^ ), cadmium chloride (Cd^ "^ ) and zinc chloride 
(Zn^*) could be reportedly detected as mutagens in Salmonella strain TA97a when 
preincubation exposure were made in sterile distilled deionized water or in hepes buffer 
in NaCl/ KCl rather than standard sodium phosphate buffer. The insensitivity of bacteria 
in metal mutagenesis has generally been attributed to the lack of bioavailability or uptake 
into the cells. Insoluble metals which could be expected to be non-mutagenic and in some 
cases non-toxic in bacterial systems, have been shown to cause toxicity in mammalian 
cells after phagocytosis (Rossmann et al., 1987). Wong (1988) has also reported the 
mutagenicity and carcinogenicity of several heavy metals that Eire commonly found in 
polluted areas using the Ames Salmonella mutagenicity test. 
Heavy metals pollution in soil 
The soil is a long-term sink for the group of potentially toxic elements often 
referred to as heavy metals like zinc, copper, nickel, lead, chromium and cadmium. 
Whilst these elements display a range of properties in agricultural soil including 
differences in mobility and bioavailability, leaching losses and plant uptake are usually 
relatively small compared to the total quantities entering the soil from different diffuse 
and agricultural sources. As a consequence these potentially toxic elements slowly 
accumulate in the soil profile over long periods of time. This could have long-term 
implication for the quality of agricultural soils, including phytotoxicity at high 
concentrations, the maintenance of soil microbial processes and the transfer of zootoxic 
elements to the human diet from increased crop uptake or soil ingestion by the grazing 
livestock (Nicholson et al., 2003). 
Soil serves many vital functions in our society, particularly for food production. It 
is thus of extreme importance to protect this resource and ensure its sustainability. 
Deteriorating environmental conditions and increasing reliance on agrochemicals have 
led to the growing concern o\er the potential accumulation of heavy metals and other 
contaminants in agricultural soils (Kabata-Pendias, 1995, Wang and Tao, 1998. Manz et 
al., 1999: Barman et al.. 2000. Sanghi and Sasi, 2001, Wong et al., 2002, Nicholson et 
al., 2003). 
Owing to rapid economic development, heavy metal contamination of agricultural 
soils has become increasingly serious in India (Dar, 1997, Farooq et al., 1999, Barman et 
al., 2000, Sanghi and Sasi, 2001, Roychowdhury et al., 2002; Singh et al., 2004). As one 
of the most significant sources of soil pollution, wastewater from industries and domestic 
sources introduces a huge amount of organic and inorganic contaminants including heavy 
metals, apart from nutrients such as nitrogen and phosphorus into agricultural land. This 
is a particularly acute problem in developing countries, where scarcity of water 
necessitates wastewater reuse for a variety of different purposes, most importantly crop 
agriculture (Wang and Tao, 1998, Lombard! and Gracia, 1999; Barman et al.. 2000; 
Wong et al., 2002; Singh et al., 2004). Nicholson et al. (2003) found that the heavy metal 
input in agricultural soils of England and Wales were mainly due to atmospheric 
deposition, sewage sludge, livestock, manures, inorganic fertilizers and lime, 
agrochemicals, irrigation water, industrial by-product and wastes. They also reported 
high concentration of heavy metals in agricultural soils irrigated with wastewater. 
Pesticide pollution 
The worldwide consumption of pesticides is about two millions tones per year, of 
which 24% is consumed in the USA alone, 45 % in Europe and 25% in rest of the world. 
12 
India's share is just 3.75%. The main use of pesticides in India is in agriculture and 
public health sector to combat the various pests and diseases that affect man. To achieve 
this goal, the production of basic pesticides commenced in 1952 with the manufacture of 
benzene hexachloride (BHC), followed by DDT. India is presently the second largest 
manufacturer of basic pesticides in Asia. It ranks 12"^  globally. Despite the fact that the 
consumption of pesticides in India is still very low, there has been a wide spread 
contamination of food commodities with pesticides residues (Gupta, 2004). 
The most important pollutants among the toxicants in India are organochlorine 
(OC) and organophosphorus (OP) pesticides. The later type is tending to replace the 
former type due to its fast degradation in the environment (Jiries el al.. 2002; 
Golfinopoulos et al., 2003). In India, alarming levels of pesticides have been reported in 
air, water, soil as well as in foods and biological materials (Viswanathan, 1985: Agarwal 
et al, 1986; Nair and Pillai, 1992; Hans et al, 1999; Gupta, 2004). OC insecticides have 
been extensively used in India since 1954 in agriculture as well as in public health sector 
(Gupta, 1986). The use of OC which are harmed or restricted in most developed countries 
are still being used in this country. The major factors responsible for detrimental effects 
on the environment from use of these chemicals are that they are ver> persistent. 
extremely toxic to fish, used more as preventive measures rather than cure in controlling 
insects and some of them were found to biomagnify in organisms (Ahmad et al, 1996). 
Their accumulation in low concentration in the body fat of mammals may pose health 
problems in the long run (Hung and Thiemann, 2002). 
Pesticide pollution in aquatic environment 
Most of the pesticides enter into the aquatic environment through intentional 
applications, aerial drifts and run off and then become rapidly distributed through the 
action of wind and water. Some pesticides are directly applied to water to control the 
aquatic weeds, algae, unwanted invertebrates and noxious insects (Nimmo. 1985). 
Agricultural run off from fields and grazing lands is considered to be the major route of 
pesticide movement into water. It has been observed that industrial waste from pesticide 
manufacturing plant is the second largest source of pesticide in aquatic en\ ironment. 
Another source of pesticide that is poorly understood and is not well studied is the 
hazardous waste disposal (Rodrigues et al, \ 998). 
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Agarwal et al. (1986) evaluated the DDT residues in water and sediments from 
the four different sites of the Yamuna River at Delhi (India) from 1976-1978. The\ 
reported that all the samples contained DDT residues in varying concentrations. The 
concentration of T-DDT residues ranged from 0.04-3.42 \igl\ in water and 0.007-5.6 
mg/kg in sediments. They also found that the total DDT concentration was comparativeK 
higher at downstream Wazirabad site where the mixing of river water with the discharge 
from Najafgarh drain which also carried effluents of a DDT factory along with other 
factories. 
Pico et al. (1994) monitored the levels of the pesticides in natural waters of the 
Valencia community (Spain). They collected uater from the rivers, lakes and irrigation 
canals. They found high levels of OC, OP and carbamate pesticides. Tan and 
Vijayaletchumy (1994) carried out a study to measure the extent of environmental 
contamination of the OC pesticides in river water from peninsular Malaysia. They 
collected water samples from twenty five major rivers. Highest concentration were found 
in Sg. Selangon river (T-BHC- 280 ng/1, T-endosulfan 310 ng/1, heptochlor 100 ng/1. T-
DDT 110 ng/1 and dieldrin 47 ng/1). 
Nayak et al. (1995) tested 34 water samples for OC pesticide residues from the 
middle stream of the Ganges River, India and observed that total HCH were found in 30 
samples ranging from 0.105-99.517 |ig/l. Rehana et al. (1995) also analyzed the water 
samples for the presence of some OC and OP from the Ganges River, India (betv\een 
Kachla and Kannauj, UP), and HPLC analysis of these samples showed the presence of 
some pesticides like DDT, BHC, DDD, aldrin, dieldrin, dimethoate and methyl parathion. 
Abbassy et al. (1999) studied the seasonal occurrence of pesticide residues and 
other organic contaminants (polychlorinated biphenyls) in water at the estuaries of 
Rosetta and Damiatta branches of the river Nile from Summer 1995 to Summer 1997. 
The results indicated that OC compounds including lindane,/?, p'-DDE,jD, p'-DDD,/?, p'-
DDT, aroclor 1254 and aroclor 1260 were present in all the water samples at 
concentration levels ranging between 0.286-0.352, 0.035-0.067, 0.019-0.033, 0.024-
0.031, 0.390-0.70 and 0.166-0.330 ^g/1, respectively. 
Hung and Thiemann (2002) investigated the surface water samples in Hanoi and 
its surroundings for fifteen insecticides, which were banned in Vietnam from 1990 to 
1998. Their investigation was focused on an area of approximately 30 by 20 km. A total 
of 30 water samples from river, lakes, irrigation canals and wells were analyzed and the\" 
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found that the concentration of the banned pesticides were highest in the rivers and then 
in the irrigation canals, followed by the lakes and wells. The mean concentration of 1 -
HCH (a, p, y, and 6 HCH) and T-DDT (2,4'-DDE, 4,4'-DDE, 2,4'-DDD, 4,4'-DDD, 2.4'-
DDT, 4,4'-DDT) in the river were 17.2 and 43.7 ng/1 in dry season (November 1998) and 
29.3 and 56.1 ng/1 in the rainy season (August 1999), respectively. 
Turgut (2003) conducted a study from 2000 to 2002 to determine the residues of 
OC pesticides and metals in surface water of Kucuk Menderes River in Turkey. His 
results showed that Kucuk Menderes River was polluted with OC pesticide despite the 
existence of bans over a long time. The T-DDT (DDT, DDD, and DDE) were detected in 
most water samples. The highest concentration among OC pesticides was heptachlor 
epoxide (281 ng/1). 
Pesticide pollution in soil 
Most potential contaminants are necessary for agricultural production but become 
hazardous when they occur in excess in soil. Much soil contamination is the result of 
human activity, including the entry of industrial wastes into soil through atmospheric 
deposition or application of agro-chemicals and domestic waste to the land. These 
organic (industrially derived compounds such as agricultural pesticides which are 
intentionally applied to the soil) contaminants reduce the soil quality for agricultural 
production. Soils thus play an important role for the global flux for pesticides in the 
environment (Sanghi and Sasi, 2001). 
The fate of a pesticide applied to soil depends largely on its persistence and 
solubility properties. Once applied to cropland, pesticides may either be taken up by 
plants (Nair el al., 1993) or ingested by animals, insects, worms, or microorganisms in 
the soil, or may move downward in the soil (Sujatha and Chacko, 1992) and either adhere 
to it or dissolve in water or may vaporize (Maguire, 1992) and enter the atmosphere or 
may breakdown via microbial and chemical pathways into other, less toxic compounds or 
may be leached out (Li and Migita, 1992) of the root zone by rain or irrigation water. 
Chemical, biological and physical forces play an important role in the fate of pesticides in 
soil. Pesticides remain or persist in soil for a limited time, which may vary from days to 
years depending on the type of pesticide, soil moisture, organic matter, temperature and 
pH. Persistence may differ considerably because of varying environmental conditions and 
application rates (Sanghi and Sasi, 2001). 
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In spite of the ban to pesticides like DDT, developing countries like India still use 
these insecticides due to cost benefit efficacy and broad spectrum toxicity. In agricultural 
country like India, DDT and HCH contribute to more than 70% of the pesticide 
consumption (Sanghi and Sasi, 2001). In a typical study conducted by Geography 
Department (1990) Aligarh Muslim University (India) revealed that in a selected area 
(between Narora and Kannauj) of the Ganges plain, the OC pesticides used for crop 
production was about 0.46 Kg/hectare. It has been documented that 40% of the pollution 
in the Ganges River was due to sewage discharge and 13% owing to chemical waste 
released from factories (Ahmad et al., 1996). 
Kashyap et al. (1994) selected two locations in Gujrat state (India) on the basis of 
the use of insecticides in agriculture and vector control programs and analyzed the 
locations for T-DDT and T-BHC residues and they observed that residue levels were 
significantly higher in that location where the insecticides were used both in agriculture 
and vecior control programs as compared to another location where insecticides were 
used in agriculture. 
Pesticides can affect the human body directly through water, air and food of 
agricultural origin as well as many other biological processes. Not only the en\ironment 
(air, water and soil) has been shown to have a toxic level of pesticides but the animal 
kingdom as well as the plants have also been contaminated by their hazardous level 
(Viswanathan, 1985). The pesticides toxicity in water depends mainly on their chemical 
stability and solubility in water as well as the quality of water and other pysico-chemical 
parameters (Nimmo, 1985). It has been reported that OC pesticides build up in the 
environment since they are not at all biodegradable, or degraded very slowl\ (Lai and 
Saxena, 1982; Nawab et al, 2003). 
The toxicity studies of pesticides have been conducted on both the bacterial 
system (Ghosh et al., 1997; Ruiz and Marzin, 1997) as well as on animals (Tandon and 
Dubey, 1983) and humans (Misra et al., 1985). Methyl parathion has been reported to 
induce reverse mutation in Salmonella with or without S9 (Waters et al., 1980). 
Tremolada et al. (2004) also reported the toxicity of pesticides to rainbow trouts, daphnia 
and algae. Several pesticides and their degradation products are reported to be highly 
mutagenic in Ames tester strains and also induced unrepairable DNA damage in E. coli 
(Kamal and Ralph, 1986; Antony et al., 1989; Mehrotra et al., 1990, Rehana ei al., 1995, 
1996). Some pesticides have also been found to be tumorogenic (Ray and Prasad, 1987). 
According to Kurrinj (1984), among the 400 pesticide preparations studied for mutagenic 
activity Iialf of tliem were found to be mutagenic in one or more test systems. 
Heavy metal resistance in bacteria 
The introduction of hea\7 metals in various forms in the environment can produce 
considerable modifications of the microbial communities and their activities. Heavy 
metals generally exert an inhibitory action on microorganisms by blocking essential 
functional groups, displacing essential metal ions, or modifying the acti\'e conformation 
of biological molecules. However, at low concentration some metals are essential for 
microorganisms since they provide vital co-factors for metallo-proteins and enzymes 
(Doelman et al., 1994; Guzzo et al., 1994). The pollution of the environment with heavy 
metals has led to the appearance of heavy-metal-resistant microorganisms in the soil and 
water of industrial regions. In many cases, resistance to heavy metals is determined by 
plasmids, which can be used for the creation of novel strains with a high detoxifying 
activity against heavy metals. The investigation of such strains has greatly contributed to 
our knowledge of the structure and function of the determinants and mechanism of metal 
resistance (Ivanov et al., 1999). 
Bacterial plasmids harbor housekeeping genes (governing their replication, 
segregation and copy number control) and also genes that provide the host cell with 
ancillary phenotypic fimctions, those that are not needed by the cell under growth 
conditions. These extra functions include the synthesis of bacteriocins, the ability to 
mediate cell-to-cell conjugation, resistance to antibiotics, resistance to toxic heavy 
metals, and a range of other activities, including some (lactose fermentation and 
hydrogen uptake) that might be considered central cellular metabolism. Heavy metal 
resistance have been frequently found on plasmids of Gram negative and Gram positive 
eubacteria (Silver and Misra, 1988; Silver and Walderhaug, 1992, Unaldi et al.. 2003; 
Verma et al., 2004). 
The known mechanisms of bacterial heavy metal resistance are basically 
four (Silver, 1992): 
i) Keeping the toxic ion out of the cell by altering a membrane transport system 
involved in initial cellular accumulation. 
ii) Intracellular or extracellular sequestration by specific mineral-ion binding 
components (analogous to the nietallothioneins of eukaryotes and pliytochelatins 
of plants, but generally at the level of cell wall in bacteria), 
iii) Highly specific cation or anion efflux systems encoded by resistance genes. This 
is the most commonly found mechanism of plasmid controlled bacterial metal ion 
resistance, 
iv) Detoxification of the toxic cation or anion by enzymatically converting it from a 
more toxic to a less toxic form. 
Prokaryotes (bacteria, actinom.ycetes) are more sensitive than eukaryotes (fungi) 
to heavy metal pollution. Doelman and Haanstra (1979) showed that 75% of the bacteria 
isolated from Pb polluted soils (184-1177 mg/kg of Pb) were able to grow on a medium 
containing 30 of Pb |ug/ml, whereas only 5% of bacteria from reference soils (12-41 
mg/kg of Pb) were able to grow on the same medium. These data clearly show the 
difference in microbial resistance between relatively unpolluted and polluted soils. 
Diels and Mergeay (1990) found a correlation between heavy metal content in 
soils contaminated with industrial wastewater and metal resistant bacterial strains. Diels 
et al. (1988) xsoldXtd Alcaligenes eutrophus strains from severely polluted sites and found 
both as multiple heavy metal resistant and chloroaromatic compound degrading. Dong et 
al. (1998) found ncc-nre nickel resistance in Comamonas, Sphingobacterium heparimim, 
Flavobacteria, and even Gram positive bacteria. Anisimova et al. (1993) studied metal 
resistance in 112 strains of Gram negative bacteria from sewage and soil samples in the 
vicinity of industrial area. All the isolates were examined for the plasmid DNA and the 
percentage of plasmid bearing bacterial strains was found to be 50%. Rasmussen and 
Sorensen (1998) isolated bacteria from mercury contaminated site inside the harbour of 
Copenhagen (Denmark) and an unpolluted control site of Kogebuge and these bacteria 
were compared with respect to diversity indices of antibiotic and metal resistance pattern 
and abundance of plasmids in the resistant bacterial isolates. They also found that the 
incidence of plasmid was higher at polluted site than at the unpolluted zone. 
Mercury resistance 
Mercuric ions and organomercurial compounds, which have strong affinities for 
the thiol groups in proteins, are toxic to cells. Mercury compounds are leached from 
natural sources (weathering of rocks and soil). Major sources of environmental 
contamination of mercury from human activities are from burning coal and petroleum 
products. Mercury compounds are used in industry as catalysts. Phenylmercury. 
merthiolate and mercurochrome have been used as household and hospital disinfectants. 
Mercury resistance is widely distributed among different bacterial genera and species 
(Misra, 1992). 
Mercury resistance determinants are frequently found on plasmids (Robinson and 
Tuovinen, 1984; Trevors et al., 1985, Silver and Misra, 1988, Rasool et al., 1995: Bruins 
e( a/., 2003). In some cases mercury resistance determinants have been found to be 
chromosomally determined (Nies, 1999). Gene conferring resistance to mercury 
compounds are clustered in an operon in most naturally occurring mercury resistance 
system. Mercuric reductase (MerA), one of the protein encoded by the mercuric reductase 
(met-) operon catalyses a unique reaction in which mercuric ion Hg'^ ^ are reduced to 
mercury metal Hg"^  using NADPH as a source of reducing power (Schottel, 1978; Fox 
and Walsh. 1982; Misra, 1992; Osborne etal., 1997). 
To prevent toxic effects of Hg ^ on periplasmic proteins in Gram negative 
bacteria, Hg^ "^  is transported into the cell via specific uptake systems. In Gram negative 
bacteria, it is bound by the periplasmic Hg ^ binding protein MerP as the first step of 
detoxification (Qian et al., 1998). MerP probably delivers the toxic cation to the mercury 
transporter MerT for transport into the cytoplasm (Hobman and Brown, 1996). 
Alternatively, or in addition to MerTP, another uptake route exists which involves the 
MerC protein (Hamlett et al., 1992; Sahlman et al., 1997). 
Organomercurials, which are more toxic than Hg^^ may also be detoxified if the 
mer resistance determinant encodes a MerB organomercurial lyase in addition to the 
other Mer proteins (Silver, 1996; Silver and Phung, 1996). After cleavage by MerB, the 
resulting Hg^ "^  is reduced by MerA. The high toxicity of organomercurials and other 
methylated and alkylated heavy metal compoimds makes it very unlikely that these kinds 
of chemical modification of heavy metals are metal resistance mechanism. Methylation 
has been observed for arsenic, mercury, tin, lead, selenium and tellurium (Fatoki, 1997). 
Chromium resistance 
The presence of high concentrations of chromate in the environment inhibits most 
microorganisms (Aislabie and Loutit, 1984). Chromate also promotes the selection of 
resistant variants (Summers et al., 1978; Luli et al., 1983; Wong and Trevors, 1988). 
Bacterial resistance to chromate can be due to chromosomal mutations, usually affecting 
sulfate transport (Ohta et ai, 1971), or plasmid borne (Silver and Misra, 1988; Verma et 
ah, 2004). It appears that chromosomal and plasmid determinants function by different 
mechanisms, as resistance to chromate are additive in cells possessing both determinants. 
Plasmid determined bacterial resistance to chromate has been found in 
Streptococcus (Efstathiou and McKay, 1977), Pseudomonas (Summers and Jacoby, 1978; 
Bopp et ai, 1983; Cervantes et al, 1986; Cervantes and Ohtake. 1988: Sultan and 
Hasnain, 2003), and Alcaligenes (Nies and Silver, 1989a; Peitzsch et ai, 1998). 
Chromate resistance results from decreased chromate accumulation by the resistant cells 
(Cervantes and Ohtake, 1988; Nies and Silver, 1989; Iyer et al, 2004). 
Chromate resistance is -probably based on an interaction of chromate reduction 
and chromate efflux (Nies, 1999) and a broad variety of bacteria able to reduce chromate 
have also been found (Cerventes and Silver, 1992). Chromate resistance was then mainly 
thought to be based on chromate efflux; however, data for Ralstonia sp. (formerly 
Alcaligenes) CH34 suggest that both processes, efflux and reduction are invohed 
(Peitzsch er a/., 1998). 
Additional bacterial system exists that reduce more toxic Cr to a less toxic Cr" 
(Silver, 1992). A chromate resistant strain of Pseudomonas mendocina MCM108, 
capable of reducing hexavalent chromium was found to harbor a single plasmid 
(Dhalkephalkar et al., 1996). Plasmid mediated chromate resistance and chromate 
reduction are independent process as chromate sensitive and chromate resistant P. 
fluorescens are both equally able to reduce chromate (Bopp and Ehrlich, 1988). 
Lead resistance 
Lead has been used in large amounts for 2500 years, as fuel additives, although 
the toxicity of lead for animals and man has been well knovra for a long time (Hong et 
al, 1994). Lead tolerant bacteria have been isolated (Trajanovska et al, 1997; Malik and 
Ahmad, 2002; Malik et al, 2002) and precipitation of lead phosphate within the cells of 
these bacteria has been reported (Levinson et al, 1996; Levinson and Mahler, 1998). 
Ralstonia sp. CH34 has been shown that resistance to lead is mediated by a P-t\pe 
ATPase. Moreover, the Cad A P-type ATPase is also able to transport Pb^^ (Rensing et 
al, 1998). Thus, lead resistance may also be based predominantly on metal ion efflux 
(Nies, 1999). 
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Copper resistance 
The mechanism of copper resistance is not yet clearly understood though the 
copper resistance conferred by plasmid pPT23D has been elucidated at the molecular 
level (Jain, 1990). Copper resistance has also been reported to be chromosome encoded 
(Vargas et al., 1995a). Although the copper resistance determinants were shown to be 
homologous in E. coli and Pseudomonas species, the phenotype of the two copper 
resistant bacteria is different, while E. coli remains colorless, resistant Pseudomonas 
strains turn blue on high copper containing media because copper is accumulated in the 
periplasm and outer membrane (Cooksey, 1993; 1994). The periplasmic CopA protein 
shows conservation of several predicted copper binding sites. In addition the CopC and 
CopD proteins seem to catalyze copper uptake into the cytoplasm. Related copper 
resistance determinants were found in several Pseudomonas strains (Lin and Olson. 1995; 
Vargas et al., 1995a) and Xanthomonas campestris (Lee et al., 1994). Copper resistance 
is associated with antibiotic resistance plasmid in E. coli (Ishihara et al., 1978) and P. 
syringae (Bender and Cooksey, 1987). 
Cadmium, cobalt, zinc and nickel resistance 
The four heavy metals Zn, Co, Cd and Ni are used for a variety of applications. 
Metallic Zn is used for alloys like brass, galvanized iron and for fabrication of batteries. 
Cd is used for electroplating, for batteries and for TV tubes. Co and Ni are chemically 
related to iron and both are used for the production of steel and for electroplating. Cobalt 
and nickel salts have been used for centuries for the production of blue and green 
pigments, respectively. These examples illustrate the extensive use of these four heavy 
metals by humans which consequently leads to contamination of soil and fresh water 
habitats with these metals. In addition to anthropogenic contamination, heavy metal ions 
may leak from naturally occurring minerals into soil or fresh water habitats. In both cases 
it is not generally one cation that is present in toxic concentrations, but usually a major 
cation plus some accompanying ions e.g., Zn^^ plus Cd^*, Ni^ ^ plus Co^ "^  and Cr04^". As a 
response to this challenge, multiple-metal ion resistant bacteria evolved which contain a 
variety of plasmid encoded metal resistance determinants e.g. Staphylococcus aureus 
(Novick and Roth, 1968; Xiong and Jayaswal, 1998) and Alcaligenes eutrophus strain 
CH34 (Mergeay et al., 1985; Schmidt and Schelegel, 1994) in addition to the czc and cnr 
determinant. Alcaligenes eutrophus CH34 harbors three mer determinants (resistance to 
Hg^ ;^ Dressier et al., 1991), chr (resistance to chromate; Nies and Silver, 1989b) and cop 
(resistance to Cu^^) (Brown et al., 1992). When copper resistant Alcaligenes strains were 
isolated from wastewater these strains contained czc, cnr, chr, and mer resistance 
determinants although the corresponding metal ions were not used for selection (Dressier 
et al.. 1991). Moreover, Alcaligenes eutrophus CH34 like organisms were easily isolated 
from metal contaminated habitats in Germany, Belgium and Zaire (Schmidt and Schlegel, 
1994; Kaur et al., 1990; Diels and Mergeay, 1990). Thus the presence of a variety of 
metal resistant determinants in one bacterium seems to occur frequently in nature. 
The Alcaligenes eutrophus strain CH34 was isolated from a zinc decantation tank 
and contains two large plasmids designated pMOL28 (163 kb) and pMOL30 (238 kb). 
These plasmids harbor a variety of metal resistance determinants (Mergeay et al., 1985). 
A. eutrophus KT02 was isolated from the wastewater treatment plant of Gottingen 
(Timotius and Schlegel, 1987); it harbors the following three plasmids: plasmid pGOEl 
(250 kb), which determines cadmium and zinc resistance, plasmid pG0E2 (210 kb), 
which encodes nickel and cobah resistance and plasmid pGOE3 (170 kb), for which so 
far no function is known (Schmidt et al., 1991). Alcaligenes xylosoxidans 31A was 
isolated from the metal working industry in Holzminden, Germany and it harbors two 
large plasmids, pTOMS (340 kb) and pT0M9 (200 kb), both of which determine 
resistance to nickel, cobalt, zinc, cadmium and copper ions (Schmidt and Schlegal, 1989). 
Alcaligenes denitrificans, isolated from the wastewater treatment plant in Dransfeld, 
Germany (Timotius and Schlegal, 1987) and Klebsiella oxytoca CCUG 15788 isolated 
from the metal working industry in Goteborg, Sweden (Mattsby-Baltzer et al., 1989) are 
the strains which have been shown to carry nickel resistance genes on the chromosomes 
(Kaur et al., 1990; Stoppel et al., 1995). 
Antibiotic resistance in bacteria 
Expanded application of antibiotics has caused an increase in the incidence of 
resistance to these antimicrobial compounds, even within bacterial species that are not 
directly subject to antibiotic control. Numerous genes conferring resistance to antibiotics 
are presently circulating in bacterial populations, and such factors were not as prevalent 
prior to the selective pressures produced by the increased use of antibiotics (Hughes et 
a/., 1983; Davies, 1994). Therefore, it is not surprising that contemporary strains of Gram 
negative bacteria frequently display resistance to high levels of commercially 
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administered antibiotics, and such cases have been documented repeatedly with these and 
other bacteria (Guillemot, 1999). 
A number of common antibiotic resistance mechanisms were described for 
bacteria by Davies and Smith (1978), which may be listed as follows: 
i) Alteration of the target site in the cell that reduces or eliminates the binding of the 
drug to the target site, 
ii) Blocking the transport of the antibiotics into the cell-regardless of whether or not 
specific or acti\ e mechanisms of drug transport are involved, because a change in 
the transport system can reduce the penetration of the drug into the cell, 
iii) Detoxification or inactivation of the antibiotic, 
iv) Providing the cell with a replacement for the metabolic step that is inhibited by 
the antimicrobial agent, e.g. a by-pass mechanism, 
v) Increasing the level of the enzyme inhibited by the drug, so that the drug is 
saturated, or titrated out. 
vi) Production of a metabolite that can antagonize the inhibitory effect of the 
inhibitor, 
vii) Decreasing the cell's metabolic requirements for the pathway or reaction inhibited 
by the drug. 
The presence of antibiotic resistant bacteria in freshwater sources throughout the 
world has been documented (Kelch and Lee, 1978; Niemi et al., 1983; Ogan and Nwiika. 
1993; McArthur and Tuckfield, 2000, Ash et al., 2002; Lin ei al., 2004). Most surveys of 
antibiotic resistance in bacteria isolated from natural waters have been restricted to 
organisms that are indicators of fecal pollution (Niemi et al., 1983; Malik et al.. 1995; 
Niemi et al., 1997; Sabry et al., 1997). Bacterial species of soil, water and sewage may 
have resistance to natural antibiotics or may acquire these characters from other bacteria 
through genetic exchange (Linton, 1986; Amyes and Gemmell, 1992; Malik et al., 1995; 
Malik and Jaiswal, 2000). 
Several water-borne disease outbreaks occur due to the presence of drug resistant 
enteric pathogens which occur due to the failure of patients to respond to treatment with 
antibiotics (Gangarosa et al., 1972; Baine et al., 1977; Malik et al., 1995). E. col; with 
transmissible resistance to some broad spectrum antibiotics is considered to be potentially 
very dangerous because its resistance might be transmitted to some other pathogenic 
bacterial strains, thus rendering the treatment of infectious diseases very difficult (Malik 
et al, 1995). The selective processes leading to the emergence and maintenance of 
bacteria resistant to antibiotics are mainly brought about by the incorrect or abusi\e 
utilization of these drugs (Anderson, 1968; Silva and Hoffer, 1993; Fluit et al., 2000). 
Microorganisms resistant to both antibiotics and metals have been isolated 
frequently from environments and has led to the suggestion, that the combined expression 
of resistance to antibiotics and of resistance to heavy metal may be due to gene 
determinants presenting loci in the same plasmid (Smith, 1967; Aiking et al.. 1984; Siha 
and Hoffer, 1993; Unaldi et al., 2003). 
Conjugation 
Bacterial gene transfer has been shown to occur in diverse environments 
including bulk soil (Top et al., 1990; Klingmuller, 1991), the rhizosphere (Knudsen et al.. 
1988; Lilley et al., 1996), the phylloplane (Normander et al., 1998), water and epilithon 
(Trevors et al., 1987; Hill et al., 1992). The transfer of plasmid conferring resistance to 
heavy metals has also been demonstrated in metal contaminated sites such as those near 
smelters (Top et al., 1994). Many experiments have used metal resistance genes as 
markers, especially Hg resistance, to select the transconjugants because they are 
relatively stable and easy to work (Mergeay et al., 1990). These studies and other transfer 
studies showed that the frequency of plasmid transfer and the propagation of the 
transconjugant formed are strongly affected by genetic and ecological factors (Verma ei 
al., 2002). 
Over thirty years of studies have established that conjugative transfer of plasmid-
encoded resistance to drugs and heavy metals can take place at high frequency between 
various organisms under laboratory conditions. The detected transfer frequency in soil, in 
aquatic environments, and in the urogenital and respiratory tracts of healthy animals and 
man has generally been low. However, the conversion of bacteria from susceptible to 
resistant to antibiotics has been observed during antimicrobial therapy. This has formed a 
challenge for the antibacterial treatment of pathogenic bacteria and called for the 
evaluation of the extent of conjugative transfer in various environments (Viljanen and 
Boratynsski, 1991). 
The process is usually encoded by conjugative plasmids which have been isolated 
from a diverse range of Gram-negative bacteria and include members of more than 20 
incompatibility groups (Bradley, 1980). All these plasmids encode the production of sex 
pili (Ippen-Ihler, 1989). These pili play an essential role at least in the cellular 
interactions that precede the conjugative transfer of DNA (Ippen-Ihler. 1989). 
R plasmids are composed of two genetically and physically distinguishable 
components: i) a RTF factor that harbors the gene for self transmissibility (tra) and 
autonomous replication (rep) ii) a resistant determinant (R-determinant) that harbor 
majority of the resistance genes. The plasmid transfer is possible both within and outside 
the boundaries of the genus (Bale et al., 1988, Rani and Mahadevan, 1992; Silva and 
Hoffer, 1993; Sikander and Shahida, 1994; Davison, 1999). 
Curing 
The elimination of plasmid DNA from plasmid carrying host strains, or curing has 
been described for several species of mesophillic bacteria. Techniques for this purpose 
involve growth of the strains at elevated temperature (May et al., 1964; Saha et al., 2000; 
Unaldi et al, 2003) or in the presence of sodium dodecyl sulfate (Ruiz-Barba et al., 1991; 
Saha et al, 2000; Bruins et al, 2003), intercalating drugs (Bouanchaud et al, 1968) 
inhibitors of DNA replication (McHugh and Swartz, 1977; Taylor and Levine, 1979) or 
transcription (Johnston and Richmond. 1970) and formation of protoplasts (Novick et al.. 
1980). Curing is of practical significance both in chemotherapy of drug resistant bacteria 
and in bacterial genetics. Genetic determinants of antibiotic resistance (Shahid et al., 
2003), oil degradation (Chakrabarty, 1976), serum resistance (Reynard and Beck, 1976), 
haemolysin, colicin and enterotoxin biosynthesis (Goebel et al., 1974; Smith, 1974; 
Gyles et al., 1974), and heavy metal resistance (Bruins et al., 2003) are located 
extrachromosomally on plasmids. Curing of a plasmid DNA by mutagens depends on (i) 
surface structure of bacterial cells which may prevent the mutagen to enter the cell, and 
(ii) nature of the plasmid DNA (Singh and Yadava, 1988). 
Genotoxicity of water 
An aquatic environment such as river, is a depository of different types of 
anthropogenic discharges and a wide range of human activities e.g. domestic, agricultural 
and industrial activities are potential sources. Several studies have revealed that the river 
water in many countries has been contaminated by genotoxic compounds (Kusamran et 
al., 1994; Filipic et al, 1995; Filipic, 1995; Rehana et al, 1995; 1996; Duan et al, 1999; 
Vargas et al., 2001; Avishai et al., 2004: Umbuzeiro et al., 2004). 
Environmental mutagens may be a major risk factor for human health. Of 
particular concern are hazardous industrial wastes and effluents. Their chemical 
complexity precludes a detailed chemical analysis of individual genotoxic components. 
Therefore short-term bioassays are often used for screening the potential genotoxic risk 
of complex environmental mixtures (Cema et al., 1996). The identification of specific 
chemical substances with genotoxic activity in drinking water, in untreated waters or 
even in industrial effluent is quite difficult because few compounds are present at high 
concentration (Malik and Ahmad, 1995; Vargas el al., 1995b). Many times genotoxic 
activity cannot be attributed to specific compounds in mixture but rather to a set of 
properties and chemical interactions of the sample as a whole (McGeorge et al., 1983). 
Mutagenicity evaluations of surface water provide an indication of potential 
hazard in the absence of priority knowledge about the identification or physical/chemical 
properties of the putative toxicants. The Salmonella mutagenicity assay in particular has 
been widely used to detect mutagenic activity in complex environmental mixtures such as 
surface waters, especially river waters (Ohe et al., 2004). 
The presence of genotoxins in source water have been determined both by direct 
detection of cytogenetic effect in aquatic species (Prein et al.. 1978; Van der Gaag et al.. 
1983; Rajaguru et at., 2003) and other test organisms (Klekowski and Levin, 1979; Ma et 
al., 1985; Steinert et al., 1998) and by demonstration of genotoxic activity in organic and 
inorganic concentrates of these waters (Van Kreijl et al., 1980; Kool et al., 1981; Rehana 
et al., 1995; 1996; Kummrow et al., 2003). Mutagenic activity have been detected in 
organic and inorganic extracts of industrial wastewater from a variety of industries 
(Johnston et al., 1982; McGeorge et al., 1985; Malik and Ahmad, 1995; Vargas et al., 
1993; Lemos et al., 1994; Alzuet et al., 1996; Umbuzeiro et al.. 2004). Similarly 
concentrates of municipal wastewater frequently contains detectable amount of genotoxic 
agents when the ratio of industrial and domestic waste input is high (Meier and Bishop. 
1985; Meier et al., 1987; Magdaleno et al., 2001). 
Previous work had suggested that the compound responsible for mutagenicity of 
river water were primarily of industrial origin (Meier and Bishop, 1985). Significant 
mutagenic activity has been detected in a variety of wastewater effluents and sludges 
(Pancarbo et al., 1987; Malik and Ahmad, 1995). A coke plant waste was tested for 
mutagenicity in the standard Salmonella assay by Andon et al. (1986). The sample was 
extremely potent in conventional Salmonella assay especially in TA98 with metabolic 
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activity. Sanchez et al. (1988) collected 10 wastewater effluents from metallurgical 
industries operating in an industrial complex in Brazil. Organic extracts of the samples 
were tested for acute toxicity and mutagenicity in short term microbial assays. Of the 10 
metallurgical wastes tested, a large percentage (60%) was mutagenic either in Salmonella 
or E. coli fluctuation test. Mutagenic metallurgical effluents have also been reported by 
McGeorge^/a/. (1985). 
Maruoka et al. (1986) concentrated the organic fractions of the river water in 
Japan by XAD adsorption followed by elution with ethyl ether. Salmonella lyphimurium 
tester strains TA1538 and TA98 were used for detecting mutagenic activity. Mutagenic 
fractions separated by a liquid-liquid fractionation and two consecutive runs with thin 
layer chromatography were analyzed using high performance liquid chromatography. 
Their results indicated that at least six different frame shift mutagens all requiring 
metabolic activation were present in the river water. 
Ziaee and Rastgar-Jazii (1996) tested water extracts prepared from river and 
stored rain water and found that these extracts induced high mutagenicity in Salmonella 
typhimurium TA98 strain, while TAIOO strain did not show any response. Spring and 
canal water extracts caused a significant increase in the TA98 his revertants which was 
not observed in TAIOO. Among the 40 samples of deep and shallow water concentrates, 
only one third of the later induced significant mutagenicity in the TA98 strain. Among all 
the prepared extracts, only those belonging to river and stored rainwater caused 
remarkable induction of DNA breaks in V79 fibroblasts. They further stated that as an 
important part of human diet water and its constituents and quality, may seriously 
influence the health status of the exposed population. The presence of genotoxic 
pollutants in this vital constituent of diet could induce certain genetic disorders such as 
cancer. 
Otsu et al. (1998) evaluated the mutagenicity of the river water in Korea using 
blue rayon method. Their results showed very high mutagenicity of the river water 
flowing through an industrial district, suggesting serious pollution of river water in such 
districts. The source of the pollution appears to be waste fluids from the surrounding 
factories. Though its direct effects on human health are unclear, long-term exposure to 
the pollutants via fishes and drinking water may have toxic effects on human health. 1 he 
river water into which waste fluid of daily living and agriculture flows was not 
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mutagenic. On the other hand, the river water into which industrial waste fluid flows was 
highly mutagenic in TA98 with S9 mix. 
Park et al. (2000) extracted the organic contents of drinking tap water from SeouK 
Taejon and Suwon (Korea) with XAD-2 resin column and organic solvents. Four doses of 
the extracts equivalent to 4, 2, 1 and 0.5 L water were tested for mutagenicity in 
Salmonella typhimurium strains TA98 and TAIOO in the presence and absence of S9 mix. 
The organic extracts of water from all these cities were mutagenic in TA98 in the absence 
of S9 mix and in TAIOO with and without S9 mix. They also tested three doses of the 
extract (equivalent to 22, 11 and 3.7 L water) in bone marrow micronucleus test using 
BDFl mice and reported a significant increase of micronucleus frequency at the highest 
dose. 
Since 1979, the environmental agency of Sao Paulo State in Brazil, CETCEB. has 
been using the Salmonella mutagenicity assay to assess the quality of natural waters. 
They compiled the data obtained during the last 20 years from more than a thousand of 
samples. Potencies up to 30,000 reverants/1 were obtained in 137 positive samples 
(Umbuzeiro et al, 2001). 
Kummrow et al. (2003) extracted the water sample from river under the influence 
of an azo dye-processing plant discharge using XAD-4 and blue rayon. The organic 
extracts were tested for mutagenicity with the Salmonella assay using TA98 and TA100 
strains and they found that the efficiency of the blue rayon to recover the mutagenicity of 
2-aminoantracine was similar to XAD resin. This was also observed for the recovery of 
PAHs extracted by the XAD-resin and blue rayon. 
Genotoxicity of soil 
Thousands of chemicals are released and find their way into the environment i.e. 
air, land, ground and surface water, by industrial activity etc. Numerous genotoxic 
compounds have been detected in both the particulate and gas phases of outdoor air 
particularly in densely populated urban regions (Cohen, 2000). Combustion of fossil fuels 
for power generation and transportation in industrial facilities, power plants and motor 
vehicles are thought to be a major source of these genotoxic compounds. In addition to 
the genotoxic compounds released directly into the envirorunent by combustion process, 
some of these compounds are thought to be formed from primary combustion products 
via chemical and photochemical reaction in the outdoor environment (Natusch, 1978). 
Most of the atmospheric compounds eventually descend to the ground, and therefore the 
ground surface may be contaminated with these genotoxic compounds. It was reported 
that some industries, e.g. pulp and paper mills, steel foundries and organic chemical 
manufacturing facilities discharge waste of noteworthy genotoxic potency (Houk, 1992). 
Genotoxic compounds in soil may have an effect on human health in an exposed 
population through pathways such as inhalation of dust which contains these compounds, 
ingestion of plants that uptake the compounds from soil, and leaching of the compounds 
from soil to ground water and surface water used as drinking water. Because of the 
complex chemical nature of soil, standard chemical analyses are limited in their abilit> to 
characterize the chemical composition of genotoxicants in soil to assess its potential 
genotoxicity. Bioassays, however provide a means of assessing the toxicity of a complex 
mixture like soil without prior knowledge about its chemical composition (Watanabe and 
Hirayama, 2001). 
.Although there are large number of genotoxicty assays, a relatively small number 
have been used to examine soil genotoxicty, and most of these used the Salmonella 
mutation assay (Smith, 1982; Knize et al., 1987; DeMarini et al., 1992; Watanabe et ai. 
1998; Goto et al., 2000; Wesp et al., 2000; Edenharder et al., 2000, Ehrlichmann el al.. 
2000; Watanabe et ai, 2000; Garcia and Donnelly, 2002; Courty et al., 2004). Other 
DNA damage assays, chromosome assays and so forth using rat lung DNA (Randerath et 
al., 1994), bacteria (DeMarini et al., 1992; McDaniels et al., 1993; Ehrlichmann et al., 
2000), cultured cells (Wesp et al., 2000), mice (Wesp et al., 2000), and plants (Wang, 
1999; Gichner and Veleminsky; 1999; Cotelle et al., 1999). 
There are several reports on the genotoxicity of soil contaminated with chemicals 
originating from industrial sources. The contaminants of these soil samples varied widely 
e.g. pol>chlorinated biphenyls (Donnelly et al., 1988; DeMarini et al., 1992; Cotelle et 
al., 1999), pesticides (Ruiz and Marzin, 1997), polycyclic aromatic hydrocarbons 
(Ehrlichmann et al., 2000), heavy metals (Wang, 1999; Ehrlichmann et ai, 2000) 
munition wastes (Ehrlichmann et al., 2000), wood preserving wastes (McDaniels el al., 
1993; Randerath et al., 1994) etc. Donelly et al. (1988) evaluated the genotoxicity of soil 
samples collected from the vicinity of a PCB disposal area using Salmonella mutation 
assay. They reported that sequential extracts of the soil samples with methylene chloride 
and methanol were mutagenic towards TA98 in the presence of the mammalian metabolic 
activation system (S9 mix). Ehrlichmann et al. (2000) evaluated genotoxicity of 
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concentrated and non concentrated aqueous soil extracts from various soil samples using 
three bacterial assays: the umu test with Salmonella typhimurium TA1535/pSK1002, the 
NM2009 test with Salmonella typhimurium NM2009 and SOS chromotest with E. coli 
PQ37. They reported that the concentrated and non concentrated aqueous extracts from 
the samples contaminated with nitroaromatic compounds exhibited an extremely high 
genotoxic potential in all of the genotoxicity tests. 
Agricultural soil was also reported to be mutagenic in the Salmonella mutation 
assay both in the presence and absence of S9 mix (Smith, 1982; Goggleman and 
Spitzauer, 1982; Brown et ai, 1985; Edenharder et al., 2000). Goggleman and Spitzauer 
(1982) examined n-hexane/acetone extracts of soil from several agricultural fields on 
which crops such as asparagus, rye, oat, pasture and meadow grew, and showed that all 
soil samples were mutagenic towards S. typhimurium TA98 and TAIOO with some 
differences in potency. Brown et al. (1985) demonstrated that dichloromethane extracts 
of three types of agricultural soil exerted mutagenicity in eukaryotic test using 
Aspergillus nidulans as well as in Salmonella assay, and suggested that the acti\ ity was 
related to past agricultural practices, including biocide application, fertilization and 
cultivation. 
Soil samples from roadsides and some points where there is no apparent industrial 
or agricultural pollution source have also been reported to be positive in the Salmonella 
mutation assay (Tamakawa et al., 1985; Knize et al., 1987; Aboul-Enein et al. 1989; 
Arashidani et al, 1992; Nishimura et al. 1992; Watanabe et al. 2000: Wesp et al. 2000) 
and plant assays (Gichner and Veleminsky, 1999). 
Chapter II: General materials and 
methods 
Chemicals/Biochemicals 
Acetic acid (glacial) 
Acetone 
Acetonitrile 
Acridine orange 
Agar powder 
Agarose 
Azide dextrose broth 
Ampicillin 
Biotin 
Cadmium chloride 
Chloroform 
Chromic chloride 
Citric acid monohydrate 
Cupric chloride 
DMSO 
DNA hyperladder VI 
EC broth 
EDTA 
EMB agar 
Ethanol 
Fluorescent denitrification agar 
EC broth 
EMB agar 
Ethidium bromide 
Glucose 
«-Hexane 
Histidine hydrochloride 
Hydrochloric acid 
Jensen's broth 
Kovac's reagent 
Lambda DNA digested with EcoRI and Hind III 
Lead chloride 
Source 
Qualigens. India 
SRL, India 
SRL, India 
Hi Media, India 
Hi Media. India 
Hi Media. India 
Hi Media. India 
Ranbaxy. India 
Hi Media. India 
Hi Media. India 
SRL, India 
Hi Media. India 
Hi Media. India 
Qualigens. India 
SRL, India 
Bioline, USA 
Hi Media. India 
Hi Media, India 
Hi Media, India 
E.merck, Germany 
Hi Media, India 
Hi Media, India 
Hi Media, India 
Hi Media, India 
Hi Media, India 
SRL, India 
Hi Media, India 
Qualigens. India 
Hi Media, India 
Hi Media. India 
Genei, India 
Loba Chemicals, India 
MacConkey broth 
Magnesium sulfate 
Mercuric chloride 
Methanol 
MR-VP broth 
Nickel chloride 
Nitric acid 
Nitrofurantoin broth base 
Nutrient broth 
Perchloric acid 
Phenol (saturated) 
Potassium dichromate 
Potassium phosphate (dibasic) 
Sodium Ammonium phosphate 
Sodium chloride 
Sodium dodecyl sulfate 
Sodium hydroxide 
Triple sugar iron agar 
Tris.HCl 
XAD-4 
XAD-8 
Zinc chloride 
Hi Media, India 
Qualigens, India 
Qualigens, India 
SRL, India 
Hi Media, India 
Qualigens, India 
Qualigens, India 
Hi Media, India 
Hi Media, India 
Qualigens, India 
SRL, India 
Qualigens, India 
Hi Media, India 
E-Merck, Germany 
Qualigens, India 
Qualigens, India 
Qualigens, India 
Hi Media, India 
SRL, India 
Serva GmbH, Germany 
Serva GmbH, Germany 
Qualigens, India 
Note: Chemicals which have not been included in the list were of analytical grade. 
Bacteriological media 
Azide dextrose broth (pH 7.2) 
Peptone 
Beef extract 
Dextrose 
Sodium chloride 
Sodium azide 
Distilled water 
15g 
4.5 g 
7.5 g 
0.2 g 
0.2 g 
1000 ml 
Basal Medium (carbohydrate fermentation) (pH 6.8) 
Ammonium dihydrogen phosphate : 1.0 
Potassium chloride : 0.2 
Magnesium sulfate : 0.2 
Phenol red (5% solution) : 0.7 ml 
Sugar : 1.0% 
Distilled water : 1000 ml 
EC broth (pH 6.9) 
Tryptone 
Lactose 
Bile sah 
Dipotassium phosphate 
Monopotassium phosphate 
Sodium chloride 
Distilled water 
20 g 
5.0 g 
1.5 g 
4.0 g 
1.5 g 
5.0 g 
1000 ml 
EMB agar (pH 7.1) 
Peptone 
Lactose 
Sucrose 
Potassium phosphate 
lOg 
5.0 g 
2.0 g 
2.0 g 
Eosin Y 
Methylene Blue 
Agar 
Distilled water 
Jensen's broth 
Sucrose 
Dipotassium phosphate 
Magnesium sulfate 
Sodium chloride 
Ferrous sulfate 
Sodium molybdate 
Calcium carbonate 
Distilled water 
MacConkey broth (Double strength) (pH 7.4) 
Peptone 
Lactose 
Bile salts 
Sodium chloride 
Neutral red 
Distilled water 
MacConkey broth (Single strength) (pH 7.4) 
Peptone 
Lactose 
Bile salts 
Sodium chloride 
Neutral red 
Distilled water 
:0.4g 
: 0.065 g 
: I3 .5g 
• 1000 ml 
20 g 
1.0 g 
0.5 g 
0.5 g 
0.1 g 
0.005 g 
2.0 g 
1000 ml 
40 g 
20 g 
lOg 
lOg 
0.15 g 
1000 ml 
20 g 
lOg 
5.0 g 
5.0 g 
0.075 g 
1000 ml 
Mannitol salt agar (pH 7.4) 
Beef extract 
•Og 
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Peptone 
Sodium chloride 
d-Mannitol 
Phenol red 
Agar 
Distilled water 
lOg 
75 g 
lOg 
0.025 g 
15g 
1000 ml 
Medium for master plates 
SOX VB salt' 
40% glucose 
Histidine HCI.H2O (2g/400ml) 
0.5 niM biotin 
Ampicillin solution (8 mg/ml 0.02M NaOH) 
Tetracycline solution (8 mg/1 0.02 N HCl)* 
Agar 
Distilled water 
Tetracycline was added only for use with TA102 strain that 
20.0 ml 
50.0 ml 
10.0 ml 
6.0 ml 
3.15 ml 
0.25 ml 
15g 
910.0 ml 
is tetracycline resistant. 
Minimal glucose plates for mutagenicity assay 
SOX VB salts 
40% glucose 
Agar 
Distilled water 
20 ml 
50 ml 
15g 
930 ml 
MR-VP broth (pH 6.9) 
Peptone 
Dextrose 
Potassium phosphate 
Distilled water 
7.0 g 
5.0 g 
5.0 g 
1000 ml 
Nitrate broth (pH 7.2) 
Peptone 
Beef extract 
5.0 g 
3.0 g 
j > 
Potassium nitrate 
Distilled water 
5.0 g 
1000 ml 
Nirtrofurantoin broth base (pH 7.2) 
Peptone 
Tryptone 
Sodium chloride 
0.2% Nitrofurantoin solution 
Distilled water 
7.5 g 
7.5 g 
5.0 g 
50 ml 
1000 ml 
Nutrient agar (pH 7.4) 
Peptone 
Beef extract 
Yeast extract 
Sodium chloride 
Agar 
Distilled water 
5.0 g 
l-5g 
1-5 g 
5.0 g 
15g 
1000 ml 
Nutrient broth (pH 7.4) 
Peptone 
Beef extract 
Yeast extract 
Sodium chloride 
Distilled water 
5.0 g 
1.5 g 
1.5 g 
5.0 g 
1000 ml 
Nutrient gelatin (pH 6.8) 
Peptone 
Beef extract 
Gelatin 
Distilled water 
5.0 g 
3.0 g 
120 g 
1000 ml 
Pseudomonas isolation agar (pH 7.2) 
Peptic digest of animal tissue •.20g 
Magnesium chloride 
Potassium sulfate 
Irgasan 
Glycerol 
Agar 
Distilled water 
1.4g 
lOg 
0.025 g 
20 ml 
13.6g 
1000 ml 
Simmon citrate agar (pH 6.8) 
Ammonium hydrogen phosphate 
Dipotassium phosphate 
Sodium chloride 
Sodium citrate 
Magnesium sulfate 
Bromothymol blue 
Agar 
Distilled water 
1.0 g 
l.Og 
5.0 g 
2.0 g 
0.2 g 
0.08 g 
15g 
1000 ml 
Soft agar (pH 7.4) 
Peptone 
Beef extract 
Yeast extract 
Sodium chloride 
Agar 
Distilled water 
5.0 g 
1.5 g 
1.5 g 
5.0 g 
7.0 g 
1000 ml 
Starch agar (pH 6.9) 
Peptone 
Beef extract 
Starch 
Agar 
Distilled water 
5.0 g 
3.0 g 
2.0 g 
15g 
1000 ml 
S9 mix (rat liver microsomal enzymes + cofactors) 
Rat liver S9 (arocolor 1254 induced) 
MgCb-KCl salts 
1 M glucose-6-phosphate 
0.1 MNADP 
0.2 M phosphate buffer, pH 7.4 
Distilled water 
2 ml 
1.0 ml 
0.25 ml 
2.0 ml 
25.0 ml 
19.75 ml 
Top agar for mutagenicity assay 
Sodium chloride 
Agar 
Distilled water 
5.0 g 
6.0 g 
100 ml 
0.5 mM histidine/Biotin solution (10 ml) was added to 100 ml top agar. 
Triple sugar iron agar (pH 7.4) 
Peptone 
Tr\'ptone 
Yeast extract 
Beef extract 
Lactose 
Saccharose 
Agar 
Distilled water 
lOg 
lOg 
3.0 g 
3.0 g 
lOg 
lOg 
15g 
1000 ml 
Tr>'ptone broth 
Tr\ptone 
Sodium chloride 
Distilled water 
lOg 
5.0 g 
1000 ml 
Vogel bonner medium E (SOX) 
Magnesium sulfate 
Citric acid monohydrate 
Potassium phosphate (anhydrous) 
lOg 
100 g 
500 g 
Sodium ammonium phosphate 
Distilled water 
175 g 
670 ml 
Staining reagents 
Crystal violet 
Solution A 
Crystal violet (90% dye content) 
Ethyl alcohol (95%) 
Solution B 
Ammonium oxalate 
Distilled water 
:2.0g 
: 20.0 ml 
0.8 g 
80 ml 
Gram's Iodine 
Iodine 
Potassium iodide 
Distilled water 
l.Og 
2.0 g 
300 ml 
Safranin 
Safranin O (2.5% solution in 95% ethyl alcohol) 
Distilled water 
10 ml 
100 ml 
Biochemical test reagents 
Barritt's reagent 
Solution A 
a-napthol 
Ethanol (absolute) 
Solution B 
Potassium hydroxide 
Creatine 
Distilled water 
5.0 g 
95 ml 
40 g 
0.3 g 
100 ml 
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Diphenylamine indicator 
Diphenylamine 
Concentrated H2SO4 
Distilled water 
0.5 g 
100 ml 
20 ml 
Ferrous ammonium sulfate (0.4 N) 
Ferrous ammonium sulfate 
Concentrated H2SO4 
Distilled water 
156.8 g 
14 ml 
1000 ml 
Hydrogen peroxide reagent 
Hydrogen peroxide 3% 
Kovac's reagent 
p-Dimethylaminobenzaldehyde 
Amyl alcohol 
Hydrochloric acid (concentrated) 
5.0 g 
75 ml 
25 ml 
Methyl red solution 
Methyl red 
Ethyl alcohol (95%) 
Distilled water 
0.1 g 
300 ml 
200 ml 
Nitrate test solutions 
Solution A 
Sulphanilic acid 
Acetic acid (5N) 
Solution B 
a-Naphthylamine 
Acetic acid (5N) 
8.0 g 
1000 ml 
5.0 g 
1000 ml 
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Oxidase reagent 
p-aminodimethylaniline oxalate 
Distilled water 
:0.5g 
:50 ml 
Solutions and buffers 
E buffer (pH 7.9) 
Tris acetate 
Sodium EDTA 
:40mM 
:2mM 
Glucose solution (40%) 
Glucose 
Distilled water 
:40g 
: 100 ml 
Histidine/Biotin solution for mutagenicity assay (0.5 mM) 
D-Biotin : 30.0 mg 
L-Histidine HCl : 24.0 mg 
Distilled water : 250 ml 
Lysing solution (pH 12.6) 
SDS 
Tris.HCl 
3% 
50 mM 
Magnesium sulfate solution (0.01 M, pH S.5) 
Magnesium sulfate 
Distilled water 
2.4 g 
1000 ml 
Marker dye 
Glycerol 
Bromophenol blue 
EDTA 
50% 
0.05% 
40 mM 
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Normal Saline Solution (NSS) 
Sodium chloride : 0.85 g 
Distilled water : 100ml 
TAE buffer (lOX, pH 8.0) 
Tris.HCl : 48.4 g 
Acetic acid (glacial) : 11.4 ml 
0.5 M EDTA : 20 ml 
TE (pH 8.0) 
Tris.HCl :10mM 
EDTA : 1 mM 
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Collection of water samples 
Water samples were collected triannually (three times in each season) from the 
Yamuna River at Mathura and Okhla (Delhi) from February 1999 to February 2001. 
Mathura is located at latitude 27°2'8" North and longitude 77°4'1" East, and Okhla is 
located at latitude 28°3'8" North and longitude 77°1'2" East. The samples were 
composited by mixing 3 liters of water collected at five different places at the sampling 
site to obtain the 15 liters composite samples. The river at these sampling sites receives a 
large volume of domestic and industrial wastes. Control water samples (less polluted) 
were also collected from upstream of the same river before it enters into the major cities 
of India. Control water samples were collected three times during the summer from 
Sarsawa (Saharanpur) U.P., India, as described for the test water samples. The seasons in 
the year were defined as follows: summer (Ma>-June), postmonsoon (August-
September), and winter (December-February). Samples were collected in colored glass 
containers approx. 30 cm under the water surface. 15 liters composite water sample were 
transferred to the laboratory as described by Singh ei al. (1987). The time between 
sample collection and extraction did not exceed 8 h. 
Collection of soil samples 
Composited soil samples were collected from surface to a depth of about 15 cm 
using sterilized spatula from agricultural fields irrigated with wastewater about a decade, 
which comprises of both industrial wastewater from factories and domestic sewage; and 
soil irrigated with groimd water (control) in the vicinity of Aligarh City. This city is 
famous for lock manufacturing, steel and electroplating industries (Malik and Ahmad, 
2002). However, it is worth mentioning that there is no fool proof separation of industrial 
effluents from domestic wastes and these two get mixed up because (a) small scale 
industries are house based, and (b) proper compartmentalization of different sewerages 
has not gained popularity due to lack of strict laws and their enforcement procedures 
(Malik and Ahmad, 1995). 
Bacteria 
The characteristics oi Salmonella typhimurium and E. coli K-12 is gi\en in Table 
1. The Salmonella strains (a kind gift of Prof. B. N. Ames) were maintained in frozen 
stocks and grown as described by Maron and Ames (1983). Each strain was tested on the 
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basis of associated genetic markers raising it from a single colony from the master plate 
(Maron and Ames, 1983). The bacterial strains of E. coli K-12 were obtained from 
Barbara, B. J. (£. coli Genetic Stock Center, Department of Biology, Yale University, 
New Haven, USA). They were always plated on nutrient broth containing 1.5% (w/v) 
agar. 
Preparation of S9 (mammalian liver microsomal fraction) 
Preparation of rat liver microsomal fraction was done according to the method of 
Garner et al. (1972). Albino rats weighing approximately 200 g were induced with 
arochlor 1254. 
Morphological and biochemical reactions 
Gram staining 
The Gram staining was done according to the standard procedure of Cappuccino 
and Sherman (1987). A smear of the bacterial culture was prepared on a clean glass slide 
using sterile techniques. The smear was heat fixed gently, flooded with crystal violet for 
1 min and washed with tap water. Grams's iodine was applied to the smear for 1 min and 
washed again. Decolorizer (95% ethyl alcohol) was then added drop by drop until crystal 
violet failed to wash from the smear. The slide was washed again under the streamline 
flow of tap water and safranin was applied for 45 sec to counter-stain the cells. After the 
final wash, the slide was air-dried and examined in oil immersion under a light 
microscope. 
Growth at 4°C and 41°C 
Bacterial isolates (Pseudonwnas spp.) were spot inoculated by placing a loopful 
culture on the surface of plates containing nutrient agar medium and incubated at 4°C and 
41°C separately, for 24 h. 
Starch hydrolysis 
All the bacterial isolates were spot inoculated on the starch agar plates by placing 
a loopful culture. The plates were incubated at 30-37°C for 24-96 h (A. chroococcum: 
30°C for 72-96 h; Pseudomonas spp. and E. coli: 37°C for 24 h). Starch in the presence 
of iodine would impart a blue-black color to the medium, indicating negative result. If the 
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Starch has been hydrolyzed, a clear zone of hydrolysis will surround the growth of the 
organism. This was a positive result. 
Gelatin hydrolysis 
Nutrient gelatin deep tubes were inoculated with the cultures and incubated at the 
appropriate temperature for 24-96 h. Following incubation, the cultures were placed in a 
refrigerator at 4°C for 30 min. Cultures that remain liquefied produce gelatinase and 
demonstrate gelatin hydrolysis. Cultures that solidify on refrigeration lack gelatinase and 
gave negative reactions. 
Production of H2S and acids 
All the bacterial isolates were streaked on triple sugar iron agar slants and 
incubated at 30-37°C for 24-96 h. H2S production was indicated by black precipitate 
formed along the line of inoculation. Absence of precipitate was evidence of negative 
reaction. The slants were also examined for acid production and results were recorded as 
per protocols given by Cappuccino and Sherman (1987). 
Indole test 
For the detection of indole production, bacterial culture was inoculated into the 
tiyptone broth and incubated at 30-37°C for 24-96 h. The presence of indole was detected 
by the addition of Kovac's reagent, which produces a cherry red reagent layer in the 
positive cultures. 
Methyl red and Voges-Proskauer tests 
The culture was inoculated into 5 ml of MR-VP broth and incubated at 30-37°C 
for 24-96 h. 3-4 drops of methyl red indicator was added to 1 ml aliquot of the culture. 
The production of red color was considered as a positive Methyl red test. To the other 
aliquot of the MR-VP broth culture, 3-4 drops of Barritt's reagent A were added and 
mixed gently. Immediately, 3-4 drops of Barritt's reagent B were added and mixed again. 
The development of pink color v/ithin 15 min was positive Voges-Proskauer test 
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Nitrate test 
5 ml of nitrate broth was inoculated with the test organism and incubated at 30-
37°C temperature for 24-96 h. 3-4 drops of each, solution A (sulphanilic acid) and 
solution B (a-naphthylamine) were added. The development of pink color indicated a 
positive test. 
Citrate utilization test 
This test was done to determine the ability of a bacterial isolate to use citrate as a 
sole source of carbon. The bacterial culture was streak-inoculated into the Simmons 
citrate agar slants and incubated at 30-37°C for 24-96 h. The growth of the culture and 
development of blue color indicated a citrate positive test. 
Catalase test 
Nutrient agar slants were inoculated with the cultures and incubated at appropriate 
temperature for 24-96 h. Catalase production was determined by adding 2-3 drops of 
H2O2 (3%). The instant generation of bubbles or foam indicated a positive test for 
catalase. 
Oxidase test 
The bacterial culture were streak-inoculated into respective medium (Jensen's 
Agar medium for Azotobacter, and Nutrient Agar for E. coli and Pseudomonas spp.). A 
few drops of freshly prepared oxidase reagent (tetramethyl-p-phenylenediamine 
dihydrochloride) were added to a filter paper strip. A loopful of the test organism is 
smeared into the reagent zone of the filter paper. The development of pink, then maroon, 
and finally blue-black color within 10-15 sec indicated an oxidase positive test. 
Production of acid and gas from carbohydrates 
To detect the production of acid and gas during carbohydrate utilization, 
Durham's tubes were inserted into the basal broth (in test tubes) in inverted position. Gas 
production was revealed by the production of bubble inside Durham's tube. Change of 
the color of the medium from reddish violet to yellow indicated the production of acid by 
bacteria. These observations were taken after incubation of tubes at 30-3 7°C for 24-96 h. 
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Table 1: Characteristics of Salmonella typhimurium and E. coli K-12 strains 
Strain 
designation 
Relevant genetic markers Source 
Ames Tester Strains 
uwB, hisD661, bio, rfa, R-factor plasmid-pkMlOl, B. N. Ames 
frame shift mutation at G-C site Department of Molecular & 
Cell Biology 
University of California, USA 
uvrB, hisD3052, bio, rfa, R-factor plasmid-pkMlOl B. N. Ames 
frame shift mutation at G-C site 
uvrB, hisG46, bio, rfa, R-factor plasmid-pkMlOl, B. N. Ames 
base pair substitution mutation at G-C site 
rfa, R-factor plasmid-pkMlOl, multicopy plasmid B. N. Ames 
paQl containing hisG428 auxotrophic marker and 
Tet^ transition mutation at A-T site 
uvrB, hisG428, rfa, R-factor plasmid-pkMlOl, B.N.Ames 
transition mutation at A-T site 
TA97a 
TA98 
TAIOO 
TA102 
TA104 
AB1157 
AB2463 
AB2494 
KL400 
KL403 
AB2200 
C600 
ECB 
E. co//K-12 Strains 
thi-l,argE3, thr-1, leuB6, proA2, hisG4, lacYl, ¥ 
,St/, X' 
recA13,thi-l,argE3, thr-1, leuB6, proA2, hisG4, F' 
St/, V 
lexA13, thi-1, leuB6, proA2, hisG4, metB, lacYl, ¥', 
St/, -k' 
thi-1, lex86, proC32, hisF860, lac736, molA38, 
ara-14,xyl-5, mtl-1, strA109, spe-15 
polAl, ara-14, lex86, lac2236, proC32, hisF860, 
ThyA54, RspE2115, rsp2109, malA38, xyl-5, mtl-\ 
ara-9, lacZ13 (Oc), trpE3(0c), hisG4(0c), rspLS 
or rspL9, malTlfk'), mtl-1, metE46, thi-1, F", St/ 
thr-1, leuB6, fhuA21, lacYl, glnV44, rfbDl, 
glpR200, thi-1 
Lon', MalB',X' 
Berlyn, M.K.B. 
E. coli Genetic Stock Center, 
MCD Biology Department, 
Yale University, New Haven, 
USA 
Berlyn, M.K.B. 
Berlyn, M.K.B. 
Berlyn, M.K.B. 
Berlyn, M.K.B. 
Berlyn, M.K.B. 
Berlyn, M.K.B. 
Berlyn, M.K.B. 
Bacteriophage X, was obtained from Prof B.S. Srivastava, Division of Microbial Genetics, Central Drug 
Research Institute, Lucknow (India) 
Chapter III: Quantitative 
determination of heavy metals and 
pesticides 
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Introduction 
Soil and water qualities are issues, which affect the quality of our food, health and 
environment in general. Growing levels of pollution and over-consumption of resources 
demand some sort of solution. Anthropogenic impact on natural environments and 
especially on aquatic ecosystem is currently a topic of increasing concern. Deterioration 
of water quality especially river water has been observed by several workers (Ajmal et 
al, 1985; Jain, 2002; Tara et al., 2003; Barra et ah, 2005). The potential causes of such a 
situation are various point and non-point sources (Duda, 1993). Most of these sources 
lead to the pollution of the rivers. The quality of river water may vary depending on the 
geological morphology, vegetation and activities in the catchments, as well as on the 
location of the sampling site, either upstream in the mountains or the lower reaches of the 
river course (Brezonic et al., 1999). 
The River Yamuna is one of the major rivers of the country and traverses a 
distance of 1376 Km from its source in the Himalayas to its confluence with the River 
Ganges at Allahabad. In addition to the traditional and religious bearing associated with 
the river, the water of the River Yamuna is being used for irrigation, domestic and 
industrial purposes. During the last few decades there has been a rapid industrial 
development in the Yamuna basin. A number of town and cities in the catchments area 
have very little or no waste treatment and disposal facilities. Most of the domestic and 
industrial waste thus gains access into the river. As a result some pockets of the river are 
believed to be intensely polluted and serve as a reservoir of a variety of organic and 
inorganic pollutants (Jain, 2004). 
Riverine system absorbs various chemicals contained in industrial and domestic 
wastewater (Hashizume et al, 1992). Agricultural based country such as India has been 
using tremendous amount of pesticides for the protection of crops and therefore, in such 
cases the most important pollutant in the system would probably be pesticides and its 
related substances. Most of the pesticides enter into the aquatic environment through 
intentional application, aerial drifts or as runoff (Nimmo, 1985; Mukherjee and Gopal. 
2002; Pedersen et al, 2003). 
During recent years, the pollution of riverine system by heavy metals has attracted 
a lot of attention of the scientific community. Unlike organic pollutants, natural process 
of decomposition does not remove heavy metals. On the contrary, they may be enriched 
by organisms and can be converted to organic complexes, which may be even more toxic. 
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Metals are introduced in the aquatic environment as a result of weathering of soil and 
rocks, from volcanic eruptions and from a variety of human activities involving mining, 
processing and use of metals and/or substances containing metal contaminants (Jain, 
2004). 
Application of sewage sludge on agricultural land for enhancing crop producti\ ity 
has been a common practice in India for many years. Nowadays serious attention is being 
paid to the heavy metal contents of sewage sludge before its land application because of 
the tendency of uptake of toxic metals and metalloids like Cr, Cu, Hg, Pb, Mn, Mo. Co, 
Zn, Ni, As, Se and Tc by food crops and plants (Bhowal et al., 1987). These metals not 
only cause serious health hazards but also disturb the ecological status of biota (Moore 
and Ramamoorthy, 1984; Malik and Ahmad, 2002). 
The work presented in this chapter is based on the GC and Atomic absorption 
spectrophotometric studies for the total organic and inorganic pollution load in terms of 
pesticides and heavy metals in the Yamuna River water as well as in agricultural soil 
irrigated with wastewater and ground water irrigated soil. 
Materials and methods 
Determination of % organic carbon and % organic matter 
Organic carbon and organic matter were determined by the method as described 
by Ghosh et al. (1983). 10 ml of 1 N potassium dichromate solution was added to 1.0 g of 
oven dried soil; then 20 ml of concentrated sulfuric acid was added and the mixture was 
gently shaken, and left to digest for 30 min. The solution was then diluted to 200 ml with 
distilled water and 10 ml of phosphoric acid followed by diphenylamine indicator. 
Finally, the solutions were cooled and titrated with 0.4 N ferrous ammonium sulfate until 
the color changes to brilliant green. 
Determination of soil pH 
10 g of air-dried and sieved (<2mm) soil samples was taken in a beaker. This soil 
was mixed with 50 ml of distilled water and shaken continuously for 1 h. The pH uas 
measured in the supernatant as described by Alef and Nannipieri (1985). 
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Determination of heavy metals in water 
Twenty-five ml of water obtained as described earlier (Materials and methods; 
Chapter II) were taken in a conical flask. It was then digested with nitric acid: perchloric 
acid as described in Standard Methods (APHA, 1995). Digested water samples were 
analyzed for heavy metals by atomic absorption spectrophotometery. 
Determination of heavy metals in soil 
The soil samples were oven dried (40°C) and finely ground (< 0.1 mm). It was 
then burnt into ashes in a crucible. Ashes of 1 g of soil sample were taken in a conical 
flask. The samples were moistened with little double distilled water. To this was added 
cone. HCl and HNO3 successively in 3:1 ratio. The flask was heated gently on a heating 
plate until the sample was digested, indicated by the formation of clear solution above the 
soil residue. The mixture was reduced to a volume of 1 ml. Double distilled water was 
added as to make up the volume of the filtrate to 100 ml and filtered through Whatman 
filter paper no. 1 and 42. Digested soil samples were analyzed for metal concentrations 
by AAS (Malik and Jaiswal, 2000). 
Atomic absorption spectrophotometer model GBC 932 Plus (Australia) was used 
for the determination of heavy metals. All chemicals used were of analytical grade and 
solutions were prepared in double distilled water. 
Determination of pesticides in water 
Pesticides in the water samples were determined according to the method of Singh 
et al. (1987). For detail please refer to materials and methods section of Chapter V. 
Determination of pesticides in soil 
Extraction of pesticides from soil was done according to the method as described 
by Gan et al. (1999). Soil (10 g) was shaken vigorously with 20 ml of methanol:water 
(4:I,v/v) for 1 h, and the supernatant was decanted after the mixture was centrifuged at 
10,000 rpm for 15 min. This procedure was repeated twice and volume of the extract was 
decreased to ~ 15 ml using a rotary evaporator. The aqueous sample was then acidified to 
pH~l with HCl and partitioned three consecutive times with chloroform, (HPLC grade) 
using a separatory funnel. The organic phases were again evaporated to dryness and then 
redissolved in 1ml of w-hexane (HPLC grade) and finally analyzed by gas 
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chromatography. Standard solutions were prepared according to the method of Singh et 
al. (1987) and stored at -20°C. These samples were filtered through a 0.45 |im membrane 
filter before use. 
Gas chromatographic analysis of pesticides 
Analyses of the extracts were performed by Hewlett Packard 5890 Series 11 gas 
chromatograph equipped with an electron capture detector. Instrument parameters and 
operating conditions were as follows: 
Column: HPlOl (25m x 0.2 mm x 0.2 i^m) 
Temperature: Injector 250°C 
Detector 325°C 
Oven 250°C 
Carrier gas: Nitrogen with a flow rate of 60 ml/min. 
The peaks were identified by comparing their retention times with those of standards. 
Results 
The atomic absorption spectrophotometric analysis of heavy metals at three 
different sampling sites viz. Mathura, Okhla and Sarsawa from the Yamuna River water 
is shown in Table 1. The concentrations of heavy metals were found to be high at Okhla 
and Mathura sampling stations as compared to the control site (Sarsawa). The 
concentration of Fe was found to be in the range of 15.9-42.6 mg/1. Zn was present at the 
level of 12.5-35.2 mg/1. Pb exhibited the level of 1.8-4.6 mg/1. The amount of Cd did not 
differ to a large extent in the test sampling sites. The concentration of Cu was found to be 
in the range of 0.027- 3.16 mg/1. 
Table 2 shows the concentration of heavy metals in agricultural soils. The 
concentrations of heavy metals fi-om soil irrigated with wastewater were found to be 
remarkably high as compared to those from soil irrigated with ground water. The 
concentration of Fe was found to be maximum in soil irrigated with wastewater i.e. 1411 
mg/kg as compared to ground water irrigated soil (27.8 mg/kg). Zn was also detected at 
high concentrations in wastewater irrigated soil (1034 mg/kg). Cu was present at the level 
of 54.3 mg/kg in wastewater irrigated soil. 
The average concentrations of organochlorine and organophosphorus pesticides 
from water and soil are also presented in Tables 1-2. GC analysis of the water samples by 
liquid-liquid extraction procedure showed the presence of some pesticides such as BHC, 
DDT, endosulfan, dieldrin, 2,4-D and aldrin at the concentrations of 25.5 ng/1, 14.2 ng/1. 
114.5 ng/1, 2.1 ng/1, 0.6 ng/1 and 0.9 ng/1 respectively at Okhla sampling site. The 
organophosphorus pesticides dimethoate, parathion, methyl parathion and malathion were 
detected at the levels of, 0.9 ng/1, 1.2 ng/1, 1.7 ng/1 and 1.9 ng/1 respectively at Okhla 
sampling station. Dimethoate was not detected in the water from Sarsawa while at 
Mathura sampling site it was 0.6 ng/1 ("Table 1). 
The concentration of pesticides in soil is presented in Table 2 gives an idea about 
the contamination of agricultural soil (both wastewater and ground water irrigated soil) 
with different pesticides. Though the pesticides were detected in both the soils but their 
levels were different, being highest in wastewater irrigated soil. The concentration of 
BHC was found to be 14.7 ng/kg in soil irrigated with wastewater while it was only 2.9 
ng/kg in soil irrigated with ground water. The concentration of endosulfan was found to 
be 108.2 ng/kg in wastewater irrigated soil which was much higher than ground water 
irrigated soil (1.9 ng/kg). 
Some unidentified peaks in the gas chromatograms were also observed in the test 
water and soil samples indicating the presence of other contaminants apart from 
pesticides. 
Discussion 
A number of improved analytical methods have been extensively used to identif) 
the organic and inorganic contaminants in polluted water and soils. The contaminants 
include both organic and synthetic organic compounds. A large group of environmental 
organic pollutants can be measured by gas chromatography, HPLC, GLC and GC-MS 
(USEPA, 1983). Atomic Asorption Spectrophotometry (AAS) is one of the most 
extensively used techniques for the determination of trace elements from a wide variety 
of materials (APHA, 1995; Gregori et al., 2003; Rawat et al., 2003; Anazawa el al. 
2004). 
Table 1 presents the concentration of heavy metals in water from the River 
Yamuna at Mathura, Okhla and Sarsawa. The concentration of Fe ranged from 15.9- 42.6 
mg/1 and it was highest at Mathura sampling site. Ajmal et al. (1985) tested the water and 
sediments samples from the River Yamuna at different sampling sites and found that Fe 
was present in the range of 42.0-754.0 ppb. They reported the presence of several other 
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metals also in the Yamuna River water but their concentrations were low as compared to 
our results indicating the increase in the level of metallic pollutants with time due to 
pollution. Kaushik et al. (2001) tested the water samples from the River Yamuna at 
different sites (14 in the State of Haryana and 2 in Delhi), and found that the river is 
polluted by several heavy metals namely Fe, Ni, Pb, Cd, Co and Zn. The increasing 
domestic use of detergents is also creating metallic pollution (Aonghusa and Gray, 2002). 
The concentration of Pb in the river water was above the maximum permissible 
limits at all the sampling sites. Accumulation of Pb by the biota and adsorption in the 
organic matter in the highly eutrophicated zone in Delhi has been reported by Sharma 
(1998). Turgut (2003) reported the level of Pb ranged from 1.36-2.84 ppm in Kucuk 
Menderes River in Turkey. 
Zinc, which is an essential trace metal, varied in concentrations from 27.3- 35.2 
mg/l in the test samples (Mathura and Okhla). In the unpolluted fresh waters, zinc 
concentration rarely exceeds 0.5 ppm, whereas polluted rivers may show high 
concentrations exceeding 3 ppm of Zn (Abbasi et al, 1998). 
Cadmium was detected in the range of 0.051-0.08 mg/l at the three sampling sites 
of the River Yamuna. The concentrations of cadmium in unpolluted fresh waters have 
been reported to be less than 0.01 ppm, while the polluted rivers have been found to show 
up to 0.09 ppm of Cd (Abbasi et al, 1998). Ajmal et al. (1985) and Kaushik et al. (2001) 
reported the values of Cd in the range of ND-0.50 ppb and 0.01-0.02 ppb respectively in 
the River Yamuna. 
Kaushik et al. (2003) carried out a study to investigate heavy metal pollution due 
to Fe, Ni, Pb, Cd, Co and Zn in water of major canals originating from the River Yamuna 
in the state of Haryana (India). All these metals except Zn were found to be present in the 
western Yamuna canal exceeding the maximum permissible limits. They reported that the 
concentrations of heavy metals were relatively less in highly eutrophicated waters of 
Agra canal and Gurgaon canal as compared to that in western Yamuna canal, but Fe 
concentration was much higher. 
There is a growing public concern over the potential accumulation of heavy 
metals in agricultural soils owing to rapid urban and industrial development (Wong et al., 
2002). Heavy metal pollution in agricultural soils were found to be a serious problem in 
different parts of the world (Manz et al., 1999; Wong et al., 2002; Alam et al., 2003, 
Gregori et al., 2003; Nicholson et al. 2003) 
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The concentration of heavy metals in agricuhural soil irrigated with wastewater 
and ground water is shown in Table 2. It was found that the soil irrigated with wastewater 
was contaminated by a variety of heavy metals in significantly higher concentrations. The 
concentrations of Fe, Zn, Cr, Ni, Pb and Cu were comparable to those reported by earlier 
workers in different regions of the country (Bansal, 1998; Rao and Shantaram, 1999; 
Malik and Jaiswal, 2000). Malik and Ahmad (1995) reported a high concentration of 
metals in domestic and industrial wastewater in the vicinity of industrial area of Aligarh 
(India). Bansal (1998) reported the mean concentrations of heavy metals in soil irrigated 
with sewage water to be 96-100 |ig/g for Zn, 34-36 |ig/g for Cu and 7700-8300 |ig/g for 
Fe. Sanghi and Sasi (2001) analyzed the soil samples for heavy metals such as copper, 
cobalt, cadmium, zinc, nickel, mercury, arsenic, lead and chromium from agricultural 
soils of Kanpur (India) and found high concentrations of nickel, copper, chromium, lead, 
cobalt and zinc in the samples. They reported the concentration of chromium (0.2-77.6 
mg/kg). Nickel (7.0-147.6 mg/kg) and Zinc (0.8 -54.6 mg/kg) varied drastically from 
locality to locality. 
The concentration of various organochlorine and organophosphorus pesticides 
from the Yamuna River have also been given in Table 1. When the le\el of pesticides 
contamination recorded in the present investigation were compared with those available 
from neighboring areas they are lower than the levels reported by Agarwal et al. (1986), 
and Mukherjee and Gopal (2002) in the River Yamuna at Delhi (India); Bakre et al. 
(1990) in the Mahala water reservoir, Jaipur; Nayak et al. (1995), Rehana et al. (1996) 
and Sankararamakrishnan et al. (2005) in Ganges River water. Nayak et al. (1995) tested 
the water samples of the River Ganges and found that the endosulfan was present at 
concentration ranging from 0.083-66.516 ppb. Presence of organochlorine pesticides 
residues in the surface waters have also been reported in Vietnam (Htmg and Thiemaim, 
2002), Greece (Golfinopoulos et al., 2003), Turkey (Turgut, 2003) and Kenya (Getenga 
et al, 2004). 
In our samples the total DDT was present at the concentration of 14.2 ng/1 in river 
water of Okhla, while at Mathura the concentration was 74.6 ng/1. Agarwal et al. (1986) 
tested the water samples from the River Yamuna in Delhi and found that the 
concentration of total DDT ranged from 0.04- 3.42 |ig/l. Rehana et al. (1995) analyzed 
the water samples from the Ganges River at different locations and observed that the 
DDT was present at concentration ranging from 3.33-5.33 ppb. 
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Test sampling stations (i.e. Okhla and Matliura) are densely populated along the 
bank of the river. There is possibly very little contribution to pesticide levels as a result of 
agricultural runoff. It is very likely that these contaminants have been introduced into the 
river through municipal/domestic wastewater from the residential settlements and 
industrial wastewater. It is to be noted that usage of DDT and dieldrin has been banned 
for agriculture in India. However, DDT is being used for malaria control. Government of 
India has also banned the use of aldrin from 1994. However, unless the environmental 
residue level is monitored continuously, the illegal usage cannot be found out and 
prevented. Further the envirorunental residue levels also have to be monitored as the 
chemicals and their metabolites are expected to be remain in the system for man\- more 
years. 
The concentration of pesticides in wastewater irrigated soil was found to be quite 
high as compared to ground water irrigated soil (Table 2). Hans et al. (1999) analyzed the 
soil samples from the dry bed field of the River Ganges at Kanpur. (India) for the 
pesticides HCH, DDT, their isomers and metabolites at three different sites and found the 
residues of both the pesticides in all the samples. Mean levels of 109.35, 136.76 and 
145.93 lag HCH/kg, and 6.64, 49.3 and 46.70 ^g DDT/kg were found in the rural 
upstream, city and downstream industrial areas, respectively. 
Singh et al. (2004) studied the impact assessment of treated/untreated wastewater 
toxicants discharged by sewage treatment plants on health, agricultural, and 
environmental quality in the wastewater disposal area. Their data showed elevated levels 
of heavy metals and pesticides in the environment, suggesting a definite adverse impact 
on the environmental quality of the disposal area. The critical levels of heavy metals in 
the soil for agricultural crops are foimd to be much higher than those observed in the 
study area receiving no effluents. 
The steady increase in the use of pesticides in agriculture and in domestic 
household in the last two decades has drawn special attention in environmental pollution 
research. Monitoring pesticide content in water and soil with chemical analytical 
techniques has been carried out under the International Program on Chemical Safety, 
WHO in various parts of the world and by some independent research institutions (Kong 
and Ma, 1999). Organophosphorus pesticides cause direct functional disorders of the 
nervous system by inhibiting the neurotransmitter acetylcholine. Mearns et al. (1994) 
demonstrated that organophosphate pesticides are potential neurotoxins that lead to 
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anxiety, depression and amnesia. It has been shown that some organophosphate 
pesticides could damage peripheral nerves and lead to functional disorders in the central 
nervous system (Steenland et al., 1994). 
These findings indicated that the test water and soil samples contained several 
organochlorine and organophosphorus pesticides. Several heavy metals were also present 
in the test water and soil samples. Wastewater irrigated soil contained ele\ated level of 
heavy metals as compared to that of ground water irrigated soil. This might be due to the 
strategic position of the area of our study namely the outskirts of Aligarh city which 
houses many lock manufacturing, steel and electroplating industries and their effluents 
contain quite a large amount oithese metals (MaJik and Ahmad, 1995). 
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Table 1. Total concentration of heavy metals and pesticides in the 
Yamuna River water 
Heavy metals/ 
Pesticides 
pH 
Heavy metals 
Iron 
Chromium 
Zinc 
Lead 
Nickel 
Cadmium 
Copper 
Pesticides 
Organochlorines 
T-BHC 
Aldrin 
T-Endosulfan 
Dieldrin 
T-DDT 
2,4-D 
Organophosphorus 
Dimethoate 
Parathion 
Methyl Parathion 
Malathion 
ND = Not detected 
Sarsawa 
(control) 
7.1 
I5.9±1.2 
ND 
12.5±0.9 
1.8±0.4 
NT 
0.05±0.001 
0.02±0.001 
1.1±0.2 
1.6±0.1 
3.3±0.9 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
Mathura 
6.7 
42.6±5.8 
0.45±0.03 
27.3±6.7 
3.5±0.47 
0.99±0.06 
0.07±0.002 
3.16±0.4 
25.8±5.9 
0.6±0.04 
15.4±4.7 
4.8±0.2 
74.6±10.2 
0.3±0.01 
0.6±0.07 
0.4±0.03 
0.9±0.06 
0.8±0.04 
Okhla 
6.3 
37.0±4.6 
0.39±0.05 
35.2±2.5 
4.6±0.41 
0.16±0.03 
0.08±0.001 
2.12±0.38 
25.5±6.2 
0.9±0.06 
114.5^19.8 
2.1±0.34 
14.2±2.8 
0.6±0.02 
0.9±0.08 
1.2±0.04 
1.7±0.65 
1.9±0.72 
NT = Not tested 
Values of heavy metals are in mg/1 
Values of pesticides are in ng/1 
± SD = Standard deviation 
Table 2. Total concentration of heavy metals and pesticides in soil 
Heavy metals/ 
Pesticides 
pH 
% Organic matter 
% Carbon 
Heavy metals 
Iron 
Chromium 
Zinc 
Lead 
Nickel 
Cadmium 
Copper 
Pesticides 
Organochlorines 
T-BHC 
Aldrin 
T-Endosulfan 
Dieldrin 
T-DDT 
2,4-D 
Organophosphorus 
Dimethoate 
Parathion 
Methyl Parathion 
Malathion 
Soil 
(wastewater) 
7.8 
3.0 
1.7 
1411±102.5 
49.9±9.8 
1034±123.6 
33.0±5.4 
48.5±6.3 
2.6±0.05 
54.3±3.7 
14.7±3.4 
36.8±8.1 
108.2±17.6 
34.7±7.9 
39.5±6.5 
26.5±4.8 
1.6±0.4 
1.8±0.4 
1.2±0.2 
2.3±0.09 
Soil 
(ground water) 
7.1 
1.2 
0.7 
27.8±5.2 
2.8±0.8 
13.9±1.7 
2.8±0.53 
1.8±0.24 
0.1 ±0.03 
2.9±0.63 
2.8±0.08 
2.9±0.1 
1.9±0.08 
1.4±0.04 
1.5±0.07 
2.1±0.3 
ND 
0.04±0.01 
0.02±0.01 
ND 
ND = Not detected 
Values of heavy metals are in mg/kg 
Values of pesticides are in ng/kg 
± SD = Standard deviation 
Chapter IV: Heavy metal and 
antibiotic resistance in certain Gram 
negative bacteria 
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Introduction 
Among the pollutants of serious concern, toxic metals are important since they 
accumulate through the food chain and cause environmental hazards (Rani and 
Mahadevan, 1992). During the last three decades there has been unparallel increase in 
industries in our country. Several metals have been coming out in the industrial effluents, 
since these metals serve various purposes. These effluents are then released into the 
sewage which in turn gain entry into the river water and soil (Ajmal et al., 1985; Bhowal 
et al, 1987; Malik and Ahmad, 1995; Malik and Ahmad, 2002; Singh et al., 2004). 
The ability of a microorganism to survive and reproduce in a metal contaminated 
habitat depends on genetic/or physiological adaptation. In nature, both may occur 
simultaneously to varying extent and lead to adaptation of microbial communities to 
environmental stress. Although microorganisms have great, but not unlimited, power for 
responding to pollution, uhimately what is possible depends upon the genetic 
composition and the dynamics of the microbial population (Broda, 1992). The isolation 
of metal resistant bacteria, algae and fungi have, therefore, been frequently encountered 
from polluted habitats (Mergeay et al., 1985; Schmidt and Schlegel, 1989; Rehman and 
Shakoori, 2001; Kaszycki, et al, 2004). 
The concentration of metal pollutants in the environment is usually low excepting 
in specific areas, which are polluted by various hospitals and industrial wastes. The 
concentration of heavy metals is also very high in ore containing and mining areas 
(Roane and Kellogg, 1996). However, unpolluted environments may also harbor metal 
resistant organisms or organism that readily adapt to high concentrations of metals. The 
incidence of plasmid bearing strains is more in polluted site than in unpolluted zone 
(Hada and Sizemore, 1981; Malik et al., 2002). Some bacteria are physiologically 
adapted in contaminated environments (Barkay et al, 1985) whereas other species have 
acquired resistance against toxic metals (Houba and Remade, 1993). 
Heavy metal resistance is frequently encoded by genes located on plasmids and 
transposons and is often transferable intergenerically, interspecially and also from in situ 
microflora to indigenous microflora (Datta and Hedges, 1972; Bale et al., 1988; Sikander 
and Shahida, 1994; Malik and Jaiswal, 2000). Metal resistance is often associated with 
resistance to single or multiple drugs (Foster, 1983; Malik and Ahmad, 1994; Bianco et 
al., 1997; Pal et al., 2004) phenolic compounds (Pickup et al., 1983) and pesticides (Don 
and Pemberton, 1981; Shafiani and Malik, 2003). 
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Microorganisms resistant to both antibiotics and metals have been isolated 
frequently from the environments and this has led to the suggestion that the combined 
expression of antibiotic resistance and metal resistance is caused by selection, resulting 
from metals present in particular environment (Nakahara et al., 1987; de Vicente et al., 
1990; Malik and Ahmad, 1994; Roane and Kellogg, 1996; Viti et al, 2003; Bell et al, 
2004). The presence of antibiotic resistant bacteria in the natural habitats can pose a 
public health risk (Malik et al, 1995; Cardonha et al, 2004). 
The present study has been undertaken to investigate the patterns of resistance 
developed by certain Gram negative bacteria (i.e. Pseudomonas spp., E. coli and 
Azotobacter chroococcum) against heavy metals and antibiotics; and to envisage the role 
of plasmids in mediating such resistance. 
Materials and methods 
Isolation and identiflcation oi Pseudomonas spp. 
The isolation of Pseudomonas spp. was done according to the method as 
described by Collins and Lyne (1987). 10 ml aliquots of water samples were taken and 
suspended in 90 ml of sterile normal saline solution. 0.1 ml aliquots of appropriate 
dilution were plated on FNA (Fluorescein Denitrification Agar) and Pseudomonas 
isolation agar plates. Plates were incubated at 37°C for 24 h. For isolation of 
Pseudomonas spp. from soil, 10 g of soil samples were suspended in 90 ml of sterile 
normal saline solution and shaken vigorously for 10 min as described by Reddy et al 
(1986). 0.1 ml aliquots of appropriate dilution were plated on FNA medium and 
Pseudomonas isolation agar. Plates were incubated at 37°C for 24 h. Purification was 
done by repeated streaking and dilution plate techniques using FNA medium and 
Pseudomonas isolation agar (Collins and Lyne, 1987). 
Isolation and identification of Escherichia coli 
The isolation of E. coli from water was done according to the Standard Methods 
(APHA, 1995). 10 ml aliquots of samples were taken in double strength and single 
strength of Mac Conkey's broth and incubated at 37°C for 48 h. 0.1 ml of aliquot from 
positive tubes indicating acid and gas production were transferred to EC broth and 
incubated at 44.5±0.2°C in a shaking water bath for 24 h. Furthermore, a loopful of 
culture from the positive tubes were streaked on Eosin Methylene Blue (EMB) agar 
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plates and incubated at 37°C for 24 h. For soil, 10 g of samples were suspended in 90 ml 
normal saline solution and shaken vigorously for 10 min. 10 ml aliquots of different 
dilution were taken in double strength and single strength of Mac Conkey's broth and 
incubated at 37°C for 48 h. 0.1 ml of aliquot from positive tubes indicating acid and gas 
production were transferred to EC broth and incubated at 44.5±0.2°C in a shaking water 
bath for 24 h. Furthermore, a loopful of culture from the positive tubes were streaked on 
Eosin Methylene Blue (EMB) agar plates and incubated at 37°C for 24 h. The suspected 
colonies were picked up, subcultured, and were then finally identified on the basis of 
morphological, cultural and biochemical characteristics for the isolation of pure cultures 
of£. co//(APHA, 1995). 
Isolation and identification of Azotobacter chroococcum 
The isolation of Azotobacter chroococcum was done according to the method 
described in the Bio-fertilizer Manual (Verma and Paul, 2000). 10 g of soil sample was 
suspended in 90 ml of sterile normal saline solution and shaken vigorously for 10 min as 
described earlier. Aliquots (0.1 ml) of appropriate dilution were plated on Jensen's agar 
plates. Plates were incubated at 30°C for 72-96 h. After incubafion, colonies showing 
light brown to black pigmentation on Jensen's medium were selected for isolation of A. 
chroococcum. Purification was done by repeated streaking and dilution plate techniques 
using Jensen's agar medium (Verma and Paul, 2000). 
Determination of Minimum Inhibitory Concentrations (MIC) of heavy metals 
MIC of the metals for each isolate was determined by the plate dilution method as 
adopted by Summers and Silver (1972) and Malik and Jaiswal (2000). The metals Hg"^ ,^ 
Pb^^ Cd^^ Cu^^ Cr*\ Cr^, Ni^^and Zn""^  were used as HgCh, PbCh. CdCb, 
CUCI2.2H2O, CrCl3.6H20, K2Cr207, NiCb and ZnCh in varying concentrations ranging 
from 3.12 to 3200 ^g/ml. Stock solutions of the metal salts were prepared in double 
distilled water and were added to the Jensen's agar medium for A. chroococcum and 
Nutrient agar for Pseudornonas spp. and E. coli in various concentrations which were 
then spot inoculated with approximately 3x10^ organisms. The plates were incubated at 
30°C for 72-96 h for A. chroococcum, and 18-24 h for Pseudornonas spp. and E. coli at 
37°C The lowest concentration of the metal which inhibits the growth of the 
microorganism was considered as MIC of the metal against the strain tested. ABl 157 and 
C600 strains of £. coli K-12 were used as control. 
It is well known that there are currently no acceptable concentrations of metal 
ions, which can be used to distinguish metal resistant and metal sensitive bacteria. 
However, concentrations used in this study have been employed in similar studies 
reported on eubacteria (Trevors et al., 1985; Malik and Jaiswal, 2000; Malik et al., 2002; 
Shakoori and Muneer, 2002). 
Determination of antibiotic resistance 
The resistance pattern of different isolates of Pseudomonas spp., E. coli and A. 
chroococcum against different antibiotics was determined by disc diffusion method as 
described by Bauer et al. (1966). The following antibiotics (all from Hi-media. India) 
were used. Concentration of the antibiotics used was in ^ig/disc or otherwise stated. The 
symbols and concentrations of respective antibiotics are given in parentheses: 
Amoxycillin (Am 25), Ampicillin (A 30), Chloramphenicol (C30), Ciprofloxacin (Cf 30), 
Cloxacillin (Cx 30), Co-trimoxazole (Cm 30), Doxycycline (Do 30), Erythromycin (E 
15). Gentamicin (G 30), Kanamycin (K 30), Methicillin (M 30), Nalidixic acid (Na 30), 
Neomycin (N 30), Nitrofurantoin (Nf 30), Polymyxin-B (Pb 300 units). Rifampicin (R 2). 
Streptomycin (S 25), Sulphadiazine (Sz 300 units) and Tetracycline (T 30). E. coli B was 
used as a sensitive strain. 
Isolation of plasmid DNA 
The plasmids were isolated from Pseudomonas spp. and E. coli strains by the 
method as described by Kado and Liu (1981). The isolated plasmids were characterized 
by agarose gel electrophoresis according to the standard procedure (Sambrook et al., 
1989). Gels were photographed using Gel documentation system (Vilber Lourmat, 
France). The plasmid size was calculated by photocapt software (Vilber Lourmat. France) 
using Hyperladder VI and X DNA digested with EcoRI and Hindlll as standard markers. 
Conjugation 
Standard method of conjugation (Nugent, 1980) was followed by employing 
multiple metal and antibiotic resistant strains as donors, and AB2200 strains of £. coli K-
12 was used as a recipient. An overnight culture of recipient and donor strains were 
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added to fresh nutrient broth and incubated at 37°C for 24 h. Different dilution of the 
conjugant mixture in normal saline were plated on two different sets of plate one with 
nutrient agar containing 50 ng/ml of streptomycin so that colonies of the recipient could 
grow, the other set of plates contained streptomycin and heavy metal at the same 
concentration as used in the resistance tests, which would allow the growth of 
transconjugants. At least two plates were used for each dilution and every experiment 
was repeated twice. Metal markers such as Mercury, copper and chromium which were 
present on the donor strains were used for the selection of transconjugants. 
Transfer frequency was calculated as follows: 
Frequency of transfer = CFU/ml of transconjugants 
CPU/ml of recipient 
Curing 
Curing of R-plasmid was done by the method of Hardman et al. (1986). 
Overnight cultures of the Pseudomonas and E. coli were grown in nutrient broth in the 
presence of curing agent (acridine orange and ethidium bromide) at different 
concentration (sub MIC). A control tube lacking curing agent was also included in each 
experiment. All the tubes were incubated at 37°C for 24 h. Contents of the tubes were 
then plated after making required dilutions on metal and antibiotic supplemented and 
plain nutrient agar plates. The plates were incubated at 37°C for 24 h and the number of 
colonies appeared on the plates were recorded. Percent curing was calculated as follows: 
% Curing = Colonies on antibiotic and metal supplemented plate x 100 
Colonies on plain nutrient agar plate 
Results 
A total of 91 isolates (48 Pseudomonas spp. and 43 E. coli) from the Yamuna 
River water were tested for resistance against certain heavy metals i.e. Hg^ "^ , Cd^*, Cu^*, 
Zn^ ,^ Ni^\ Pb^^ Cr^ * and Cr^*(Table 1 and 3). 91.6% of the Pseudomonas isolates were 
resistant to Zn^*, out of which 4.1% of the isolates displayed MIC of 3200 |ig/ml, 
whereas 89.5% of Pseudomonas isolates exhibited resistance to Cr^ ,^ 85.4% to Cr^ "^  and 
83.3% to Ni (Table 1). Pattern of heavy metal resistance in 48 Pseudomonas spp. 
isolated from the Yamuna water is presented in Table 2. 29. Wo of the isolates were found 
to be resistant against 8 metal ions at a time. However 33.3% of the isolates were 
resistant to 7 metal ions in 6 different combinations. 
Table 3 describes the resistance of various heavy metals and MIC values of E. 
coli isolates from the Yamuna water. 97.6% of the isolates were resistant to Zn^ "^ , 
whereas 90.6% were resistant to Cr^\ 86.0% to Ni^ * and 83.7% to Cu^^and Pb^^ Highest 
MIC of 200 ^ig/ml for Hg^ ,^ 2400 l^g/ml for Cd^ * and 3200 ^g/ml for other metals were 
recorded. 
Heavy metal resistance pattern in E. coli isolates is shown in Table 4. Majority of 
the isolates were resistant to multiple metal ions. 20.9% of the isolates were resistant to 8 
different metal ions at a time, whereas 55.8% of the isolates were resistant 7 metals in 5 
different combinations. 
Pseudomonas spp., E. coli and A. chroococcum were also isolated from soils 
irrigated with wastewater and ground water irrigated soil (control). A total of 96 
Pseudomonas spp. were isolated from soils (48 each from wastewater irrigated soil and 
ground water irrigated soil). Table 5 shows the incidence of resistance and MIC values of 
Pseudomonas spp. isolated from soil. 91.6% of the Pseudomonas isolates from 
wastewater irrigated soil were resistant against Pb^ ,^ Cu^ "^  and Cr^ ,^ whereas 87.5%, 
83.3% and 62.5% were resistant to Ni^ "^ , Zn^ "^  and Cr^ * respectively from the same soil. 
Pseudomonas isolates from wastewater irrigated soil showed MIC values up to 3200 
^g/ml, while some isolates from ground water irrigated soil exhibited MIC values only 
up to 1600 ^g/ml. 
Table 6 shows the resistance pattern of Pseudomonas spp. isolated from soil. 
20.8%) of the wastewater irrigated soil isolates were found to be resistant against 8 
different metal ions at a time, whereas only 12.5% of the isolates from ground water 
irrigated soil were able to resist 5 metals at a time in 2 different combinations. Hexa, 
hepta and octa-metal resistance were not observed in any of the isolates from ground 
water irrigated soil. 
Table 7 presents the frequency of heavy metal resistance in 86 E. coli isolates 
from soil. Maximum resistance was observed in strains isolated from soil irrigated with 
wastewater against Zn^^ (95.3%)) followed by Cu^^  (93.0%). 16.2% of the isolates 
exhibited MIC value up to 3200 ng/ml against Pb^ .^ A significant difference in Hg^* 
resistance was observed between strains isolated from soil irrigated with wastewater 
(74.4%)) and from ground water irrigated soil (11.6%)). Resistance pattern of E. coli 
isolates to various metal ions is presented in Table 8. 30.2% of the E. coli isolated from 
soil irrigated with wastewater were found to be resistant against 8 metal ions at a time 
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and 48.8 % of the isolates were resistant to 6 metal ions at a time in 5 different 
combinations. 
Table 9 summarizes the resistance to various heavy metals and MIC values of .4. 
chroococcum isolated from soil. Among 36 isolates oi A. chroococcum isolated from soil 
irrigated with wastewater, 94.4% were found to be resistant to Pb^* and Hg^". 47.2% 
Pb^"^-resistant isolates and 41.6% Zn '^^ -resistant isolates exhibited MIC values up to 1600 
^g/ml. 
The majority of isolates oi A. chroococcum from the wastewater irrigated soil 
showed resistance to multiple metal ions. 33.0% of the isolates were resistant to the 
combination of 4 metal ions and 13.8% were resistant to 6 metal ions at a time. Most of 
the A. chroococcum isolates (38.8%) from ground water irrigated soil were resistant to 3 
metal ions and 6 different resistance patterns were observed (Table 10). 
All the isolates from water and soil were also tested for antibiotic resistance b\ 
disc diffusion method. Table 11 presents the antibiotic resistance among Psendomonas 
spp. isolated from water and soil. A high level of resistance against tetracycline and 
polymyxin B (81.2%) was observed in river water isolates. 79.1%) of the water isolates 
were resistant to cloxacillin and 75% to ampicillin, nalidixic acid and sulphadiazine 
(Table 11). Furthermore, 87.5% of Pseudomonas isolates from soil irrigated with 
wastewater showed resistance to sulphadiazine, whereas, 79.1%) were resistant to both 
ampicillin and erythromycin. Isolates from soil irrigated with ground water exhibited less 
resistance towards antibiotics as compared to those of river water and wastewater 
irrigated soil. 
Majority of the Pseudomonas isolates from water and soil exhibited resistance to 
multiple antibiotics. Table 12 shows the antibiotic resistance pattern of 48 Pseudomonas 
spp. isolated from water. 14.5% of the isolates were resistant to 15 antibiotics at a time 
and only 6.2% of the isolates were resistant to 4 antibiotics at a time. 
Table 13 presents the antibiotic resistance pattern oi Pseudomonas spp. isolated 
from soil. 14.5 % of the isolates from wastewater irrigated soil were found to be resistant 
against 14 antibiotics, 18.7% and 14.5%) of the isolates from the same soil were resistant 
to 13 and 11 antibiotics respectively. 29.1% of the isolates from ground water irrigated 
soil also exhibited resistance to 8 antibiotics at a time in two different combinations. 
Table 14 describes the percent resistance against individual antibiotics in £. coli 
isolates from water and soil. 76.4% of the water isolates were resistant to sulphadiazine 
followed by nalidixic acid (72.0%). Resistance was 69.7% against doxycycline and 
polymyxin B. 
In E. coli isolated from soil irrigated with wastewater, maximum resistance was 
observed against polymyxin B (58.1%) but E. coli isolates from same soil exhibited 
sensitivity to ciprofloxacin, cloxacillin, gentamicin, kanamycin and streptomycin. E. coli 
isolates from ground water irrigated soil were found to be sensitive to antibiotics namelv 
amoxycillin, chloramphenicol, cloxacillin, ciprofloxacin, kanamycin and streptomycin. 
However, 62.7% of the isolates were resistant to erythromycin and 34.8 % and 30.2% 
were resistant to doxycycline and neomycin respectively from the same soil. Table 15 
shows the antibiotic resistance pattern of 43 E. coli isolates from water. 11.6% of the 
isolates were resistant to 11 antibiotics at a time, and 6.9% to 9 antibiotics. 27.9% of 
these isolates were resistant to 8 antibiotics in 3 different combinations. Table 16 presents 
the antibiotic resistance pattern of 86 E. coli isolates from soil. 20.9%, 18.6%, 11.6% and 
20.9% of the isolates from wastewater irrigated soil were found to be resistant against 
6,5,4 and 3 antibiotics respectively, whereas, only 18.6% of the isolates from ground 
water irrigated soil were found to be resistant against 4 antibiotics and 32.5% of the 
isolates were resistant to 3 antibiotics at a time in 5 different combinations. 
The antibiotic resistance of the isolated strains of A. chroococcum is shown in 
Table 17. The data indicated a high level of resistance against nitrofurantoin (91.6%). 
polymyxin B (86.1%) and 72.7% against sulphadiazine and cloxacillin. Highest 
resistance in the isolates from ground water irrigated soil were found against rifampicin 
(36.1%) and 27.7% against chloramphenicol and doxycycline. Resistance to nalidixic 
acid and sulphadiazine was 22.2%. Table 18 presents the antibiotic resistance pattern of 
A. chroococcum isolated from soil. 2.7% of the isolates from soil irrigated with 
wastewater were resistant to 8 antibiotics at a time while 8.3% of the isolates were 
resistant to 7 antibiotics in 3 different combinations. 30.5% of A. chroococcum from 
ground water irrigated soil were resistant against 4 antibiotics in 3 different combinations 
and 50% of the isolates from same soil were resistant to 3 antibiotics in 5 different 
combinations. 
Although the aforementioned parameters strongly suggested the presence of 
plasmid DNA, a direct experiment was required to ascertain whether or not resistance 
was a plasmid-mediated character. Several multiple metal and antibiotic resistant isolates 
of Pseudomonas and E. coli from river water and wastewater irrigated soil were selected 
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and screened for the presence of plasmid DNA. Fig. 1-4 show the plasmid profiles of 
Pseudomonas spp. and E. coli isolated from soil and water. The molecular weights of 
Pseudomonas spp. plasmids were in the range of 49.9-56.8 kb, while that of E. coli were 
in the range of 51.0-53.5 kb. Fig. 1 shows the plasmid profiles of Pseudomonas spp. 
isolated from the river water. The molecular weight of the plasmid from strain PWl was 
found to be 49.9 kb and PW2 was 56.8 kb. Fig. 2 shows the plasmids of E. coli isolated 
from the river water. The molecular weight of E. coli EWl plasmid was found to be 52.1 
kb, whereas the molecular weight of E. coli EW2 plasmid was 51.0 kb. Fig. 3 shows the 
plasmid profiles of Pseudomonas spp. isolated from soil. The molecular weight of 
Pseudomonas PSl and Pseudomonas PS2 plasmid was found to be 54.0 kb and 52.1 kb 
respectively. Fig. 4 shows the plasmid profiles of E. coli isolates from soil irrigated with 
wastewater. The molecular weight of E. coli ESI and ES2 plasmid was 51.6 and 53.5 kb 
respectively. 
Curing of the Pseudomonas and E. coli isolates by acridine orange and ethidiurn 
bromide are shown in Fig 5-8. 38.6% curing was observed in strain PWl at the 
concentrafion of 1400 ^g/ml of ethidium bromide^ while in case of strain PW2, a 
concentrafion of 1200 |ig/ml eliminated the R-piasmid with a percentage of 42.3%. In 
case of E. coli strain EWl (isolated from river water), ethidium bromide cured plasmid 
DNA with a percentage of 43.4% at the concentration of 175 fig/ml of curing agent. In 
another strain ofE. coli (EW2) isolated from the water, acridine orange eliminated 71.2% 
of R-plasmid at the concentration of 350 |ag/ml (Fig. 6). In case of Pseudomonas spp., 
higher MIC values of curing agents were observed as compared to E. coli, and highest 
percentage of curing (63.9%) was found with acridine orange at 400 ng/ml in a soil 
isolate PS2 (Fig. 7). 
Table 19 presents the conjugative transfer frequencies of E. coli and 
Pseudomonas spp. AB2200 strain of E. coli K-12 was used as a recipient. The transfer 
frequency were more in E. coli strains as compared to Pseudomonas spp. when mated 
with recipient strain in nutrient broth at 37°C after 24 h of incubation. Highest transfer 
frequency of 6.6x10 was found in a water isolate of E. coli (EWl), while it was 1.3x10'"^  
in another strain of E. coli (ES2) from soil under same experimental condition. 
Discussion 
A total of 91 isolates (48 Pseudomonas spp. and 43 E. coli) were isolated from the 
Yamuna River water and identified on the basis of morphological, cultural and 
biochemical characteristics according to the Bergey's Manual of Determinative 
Bacteriology (1994). All the isolates were tested for their resistance against certain heav> 
metals i.e. Hg^\ Cd^\ Cu^^ Cx^\ Cx^\ Ni^\ Pb^^ and Zn^\ Among 48 strains of 
Pseudomonas, the highest resistance was found against Zn"*(91.6%) followed b\ 
Cr^^(89.5%) and then Cr^^(85.4%) (Table 1), while in case of E. coli the resistance 
against Hg^ "^  was 81.3% (Table 3). Out of 48 Pseudomonas spp. isolated from water. 
33.3% were found to be resistant to seven metal ions at a time in six different 
combinations, while only 2.0% of the isolates were resistant to two metal ions at a time 
(Table 2). Heavy metal resistance pattern of E. coli isolates from the river water is shown 
in Table 4. A large portion of the isolates (55.8%) were resistant to seven metal ions in 
five different combinations. 11.6% isolates were resistant to six metals at a time in two 
different combinations. 
Sabry et al. (1997) isolated heterotrophic aerobic metal resistant bacterial 
communities from marine water. They reported that a great portion of the isolates were 
resistant to lead (94%), nickel (40%), arsenate (35%) and copper (22%). De et al. (2003) 
isolated bacteria highly resistant to mercury from sea water and reported that the bacteria 
belonging to the genus Pseudomonas was capable of growth at 50 |ag/ml of mercury. 
Austin et al. (1977) reported that the majority of metal tolerant bacteria were 
mainly Pseudomonas spp. and a large group of Gram negative organisms tentative!) 
identified as Flavobacterium spp. Pseudomonas was also the predominant genus to 
which Houba and Remade (1980) assigned metal resistant strains of bacteria in a stud> 
of cadmium pollution of the aquatic ecosystem in Belgium. 
Shakoori and Muneer (2002) isolated bacteria from wastewater and found that all 
bacterial isolates exhibited resistance against Ag^ "^  (280-350|ig/ml), Co^ "" (200-420 
\iglm\), Cr^ * (280-400 |ag/ml), Cd^^ (250-350 ^ig/ml), Hg"' (110-200 \xglm\), Mn^" (300-
380 ^ig/ml), Pb^^ (300-400 |ig/ml), Sn^^ (480-520 ^g/ml) and Zn^^ (300-450 ^ig/ml). 
Teitzel and Parsek (2003) studied the heavy metal resistance in Pseudomonas aeruginosa 
and reported highest MIC against zinc (8 mM) followed by copper (2 mM) and lead 
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(0.125 mM). Murtaza et al. (2002) isolated 80 E. coli from water sources and reported 
that out of 80, 36 were found to be resistant to inorganic mercury. 
Pseudomonas spp., E. coli and A. chroococcum were also isolated from soil 
irrigated with wastewater and ground water irrigated soil; and tested for their resistance 
against heavy metals. In the present study bacterial isolates from metal contaminated soil 
exhibited MIC value of 200 ^ig/ml for Hg^ "^ . Further MIC values up to 3200 \iglm\ were 
recorded. High levels of resistance were found against Pb^^(91.6%). Cu"" (91.6%) and 
Cr' (91.6%) in Pseudomonas spp. isolated from soil irrigated with wasteuater (Table 5). 
Table 7 presents the frequency of metal resistance in 86 E. coli isolates from soil (43 each 
from wastewater irrigated and groundwater irrigated soil). 95.3%) of the isolates from 
wastewater irrigated soil showed resistance against Zn^^ and 93.0%) of the isolates were 
resistant to Cu^*. Frequency of Pb-resistance was found in 94.4%) of the Azolobacter 
isolates from wastewater irrigated soil (Table 9). In this study, we found a low level of 
metal resistance in the isolates from ground water irrigated soil (Tables 5-10). The 
frequency of metal resistance in the present study is comparable to those reported by 
other workers (Nakahara et al, 1987; Pacheco et al, 1995; Malik and Jaiswal, 2000). 
Data from Duxbury and Bicknell (1983) who compared polluted soils (Cd. Cu, Ni and 
Pb at concentration of 12, 82, 199 and 207 mg/kg respectively) with less polluted soils 
(concentrations of 2, 11, 48 and 13 mg/kg respectively) showed that the number of 
resistant bacteria were approximately 15 times greater in polluted soils. Nakahara et al. 
(1987) found the frequency of metal resistance among Gram negative bacteria to be 49%) 
for Hg^^ 74% for Cd^* and 84% for As^^ Malik and Jaiswal (2000) isolated 
Pseudomonas strains from soil treated with industrial wastewater and reported that 80%) 
of the isolates harbored resistance to Cu, whereas 73.3%) of the isolates exhibited 
resistance to Cd^^ 71.1% to Cr*^ and 48.8% to Hg^^ A maximum MIC of 200 ^g/ml for 
mercury and 1600 ^ig/ml for other metals were observed. Roane and Kellogg (1996) 
isolated lead resistant bacteria from Silver Valley, Idaho (USA), which was extensive!) 
mined for 100 years and it is the major Sb, Pb, Ag and Zn producing areas in the world: 
and they found the MIC for Pseudomonas strains against lead was 2.5 mM while for Cd 
the MIC was 1.2 mM. 
The majority of the bacterial isolates from metal contaminated soil showed 
resistance to multiple metal ions. 20.8% of the Pseudomonas isolates were resistant to 8 
metal ions at a time, while 12.5%) of the isolates from ground water irrigated soil were 
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resistant to 5 metal ions at a time in 2 different combinations (Table 6). 30.2% of the E. 
coli isolates from wastewater irrigated soil were resistant to 8 metal ions at a time (Table 
8). However, 13.8% of the Azotobacter isolates from wastewater irrigated soil were 
resistant to 6 metal ions in three different combinations (Table 10). Similar observations 
have also been reported earlier (Campbell et al, 1995; Appanna et al, 1996; Malik and 
Jaiswal, 2000). Anisimova et al. (1993) isolated several Gram negative bacteria from soil 
and sewage of industrial regions and found that the most frequent were the bacteria with 
the following phenotype Ni Co (25.6%), Ni Zn Te (4%), Ni Zn Cd Te (4%). 
Present results showed a high incidence of metal resistance in the isolates from 
wastewater irrigated soil as compared to that of control soil (soil irrigated with ground 
water) which might be due to the strategic position of the area of our study namely the 
outskirts of Aligarh City which houses many metal industries and their effluents contain 
quite a large amount of these metals (Malik and Ahmad, 1995; 2002; Table 2. Chapter 
III). 
Resistance to antibiotics is highly prevalent in bacterial isolates worldwide, 
particularly in developing countries (Calva et al, 1996, Hart and Kariuki, 1998; Hoge et 
al., 1998). This is due to the intensive use antibiotics in both medicine and agriculture 
(Levy, 1998). Resistance to antibiotics is often plasmid mediated, and several microcosm 
studies have shown plasmid transfer to occur in terrestrial envirormients (Cresswell and 
Wellington, 1992). 
We have found that antibiotic resistance bacteria were widespread in soil and 
water of India. This finding, in and of itself, is not surprising since the intrinsic resistance 
of many organisms to antibiotics is well documented (Quintiliani et al., 1999). Silva and 
Hoffer (1993) isolated E. coli strains from marine environment and reported that 21.7% 
of the isolates were resistant to streptomycin and 29.2% to tetracycline. As pointed out by 
the Hsu et al. (1992) difference in percentage of bacterial resistance to various antibiotics 
may reflect the history of antibiotic application and hence there is possibility of using 
bacterial resistance as an indicator of antibiotic application. Studies of antibiotic 
resistance in Pseudomonas from different parts of the world also documented the 
presence of antibiotic resistant element commonly found in these genera (Brooun et al.. 
2000; Fluit et al., 2000). Several authors have also reported the presence of intrinsic 
antibiotic resistance in Gram negative bacteria from water sources in different parts of the 
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globe (Gaur et ai, 1992; Boon and Cattancach, 1999; Filali et ai, 2000; Houndt and 
Ochman, 2000; McArthur and Tuckfield, 2000; Ash et ai, 2002). 
Reinthaler et al. (2003) evaluated the resistance patterns of E. coli from 
wastewater treatment plants. A total of 767 E. coli isolates were tested regarding their 
resistance to 24 different antibiotics. Among the antimicrobial agents tested, the highest 
resistance rates were found for tetracycline (57%), ampicillin (up to 18%) and nalidixic 
acid (up to 15%). In the present study, E. coli isolates from ground water irrigated soil 
exhibited higher resistance against some antibiotics (doxycycline, erythromycin, nalidixic 
acid and neomycin) (Table 14). This could be due to selection of resistant organisms in 
nature which may result from natural production of antibiotics by soil microorganisms, 
runoff from animal feed or crops, or waste products from treated animals (Davies, 1994j. 
Parveen et al. (1997) isolated a total of 765 E. coli isolates from point and non-
point source from Apalachicola Bay, Florida (USA) and their multiple antibiotic 
resistance profiles were determined with 10 antibiotics. Specifically, 65 different 
resistance patterns were observed among point source isolates as compared to 32 among 
non-point isolates. 
Table 17 shows the antibiotic resistance in A. chroococcum isolated from soil. 
Azotobacter isolates from wastewater irrigated soil showed high level of resistance 
against nitrofurantoin (91.6%)), polymyxin B (86.4%)) and it was only 2.7%) against 
streptomycin. Sindhu et al. (1989) isolated 117^. chroococcum from soil and determined 
resistance pattern with ten commonly used antibiotics. They found that over 95%) of the 
strains were resistant to ampicillin, chloramphenicol, erythromycin and tetracycline and 
70%o were resistant to kanamycin, nalidixic acid, rifampicin, streptomycin and 
trimethoprim. Skryabin et al. (1983) also found that all the tested strains of A. 
chroococcum were resistant to chloramphenicol and sensitive to tetracycline, ampicillin. 
streptomycin and rifampicin. 
Although the aforementioned parameters strongly suggested the presence of 
plasmid DNA, a direct experiment was required to ascertain whether or not resistance 
was plasmid mediated character. We screened several multiple metal and antibiotic 
resistant strains of Pseudomonas spp. and E. coli for the presence of plasmid DNA (Fig. 
1-4). The molecular weight of the plasmids were determined using photocapt software 
(Vilber Lourmat, France). The molecular weight of Pseudomonas plasmids were in the 
range 49.9-56.8 kb, while that of E. coli were in the range of 51.0-53.5 kb. Hyperladder 
VI and X DNA digested with EcoRI and Hindlll were used as standard molecular weight 
markers. Our findings were almost similar to those of Vakulenko el al. (1980) who found 
that 93% of the multiple resistant E. coli strains were carrying plasmids. Campbell et al. 
(1995) isolated 132 different Pseudomonas strains from agricultural and industrial soils 
and reported that 43% of the strains from industrial soil have plasmid and majorit\ of 
these plasmids had molecular sizes above 50 kb. 
Boronin (1992) found that plasmids are ubiquitous in Pseudomonas, but the 
frequency of their occurrence varies greatly in particular species, or groups of species and 
in different microbial habitats. Some species oi Pseudomonas, for instance Pseudomonas 
aeruginosa, possess great diversity of plasmids both from the viewpoint of their 
incompatibility properties and their ability to endow bacteria with additional features 
such as resistance to antibiotics and heavy metals, degradation of xenobiotics or 
inhibition of phage development. Shakoori and Muneer (2002) isolated heavy metal 
resistant bacteria from wastewater and large-sized plasmids (> 20 kb) were detected in all 
the strains. Sobecky et al. (1997) isolated 1000 aerobic heterotrophic bacteria from 
coastal California marine sediments and they found that 297 bacteria carrying plasmid 
that range in size from 5-250 kb and also reported that majority of the isolates typically 
contained one large (40-100 kb) plasmid. 
The test E. coli and Pseudomonas strains were able to transfer some of the 
resistance markers to standard E. coli recipient strain by conjugation (Table 19). 
Moreover, the percent transfer was higher than those obtained by Bell et al. (1980) in 
fecal coliform isolated from sewage effluents and was similar with the results obtained by 
Genthiier et al. (1988) in aquatic Gram negative bacteria. Sikander and Shahida (1994) 
also demonstrated that metal resistance is transferable to recipient E. coli strain by 
conjugation and maximum transconjugants were scored after 4-8 h of matings in different 
plasmid strains. Several investigators have also studied the transfer of plasmid through 
conjugation in various systems including soil, water and other environmental conditions 
(Fry and Day, 1990; Kozdroj, 1994; Lilley etal, 1996; Davison, 1999). 
A significant fraction of the test strains was found to lose the resistance markers 
in the presence of curing agents i.e. ethidium bromide and acridine orange. In the present 
study the frequency of plasmid elimination in E. coli strain by acridine orange is 3.4-
71.2%. Our results of curing with acridine orange were even better than those reported by 
Singh and Yadava (1988). They found 10-40% curing in E. coli with acridine orange. 
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In our study, 100 ng/ml of acridine orange cured R-pIasmid (8.9%) from 
Pseudomonas isolate (PSl) of soil. Bhattacharya et al. (2000) also found that at the same 
concentration of acridine orange successfully cured plasmid (3%) from Pseudomonas 
strains. Diab et al. (2002) identified some Gram negative bacteria from drinking water of 
Egypt and demonstrated 100% curing in E. coli strains with acridine orange, whereas in 
Pseudomonas aeruginosa it was 75%. Shahid et al. (2003) performed curing experiment 
in clinical isolates of Pseudomonas aeruginosa using ethidium bromide and at elevated 
temperature (43°C). They found that ethidium bromide cured plasmids from 66.6% of the 
isolates, while the curing frequency at elevated temperature was 46.6%. 
In conclusion, we can suggest that the Yamuna water and soil is heavily polluted 
with several types of pesticides, toxic metals as well as the potentially hazardous bacterial 
flora because of their capacity to resist one or the other well known chemotherapeutic 
agents. Moreover, the occurrence of resistant bacterial species can be detrimental for the 
ecosystem. Present study also indicated that not all species have evolved resistance 
mechanisms for metals and antibiotics. Many sensitive species might have been 
eliminated by the pollutants and their place is taken by the resistant species which have 
different ecological properties. The resistant microorganisms often failed to perform 
specific ecological functions. One step ahead of the above, we can envisage the alarming 
situation prevailing in our system and surrounding in the light of transmissible nature of 
R-plasmids. 
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Fig. 1. Agarose gel electrophoretic profiles of plasmid DNA isolated from Pseudomonas 
spp. from water: lane a, DNA Hyperladder VI; lane b, Plasmid isolated from 
PW3; lane c, Plasmid isolated from PW4; lane d, Plasmid isolated from PWl; 
lane e, Plasmid isolated from PW5; lane f, Plasmid isolated from PW2; lane g, 
Plasmid isolated from PW6; lane h, X DNA digested with EcoRI and Hind III 
b c d e f g h 
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5.1 kb 
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Fig. 2. Agarose gel electrophoretic profiles of plasmid DNA isolated from E. coli fi-om 
water: Lane a, DNA Hyperladder VI; lane b, Plasmid isolated fi-om EW3; lane c, 
Plasmid isolated fi-om EW4; lane d, Plasmid isolated fi-om EWl; lane e, Plasmid 
isolated fi-om EW5; lane f, Plasmid DNA isolated from EW2; lane g, Plasmid 
isolated from EW6; Lane h, X DNA digested with EcoRI and Hind III 
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Fig. 3. Agarose gel electrophoretic profiles of plasmid DNA isolated from Pseudomonas 
spp. from soil irrigated with wastewater: lane a, DNA Hyperladder VI; lane b, 
Plasmid isolated from PS3; lane c, Plasmid isolated from PS4; lane d, Plasmid 
isolated from PS5; lane e, Plasmid isolated from PS I; lane f, Plasmid isolated 
from PS6; lane g, Plasmid isolated from PS2; lane h, k DNA digested with EcoRI 
and Hind III 
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Fig. 4. Agarose gel electrophoretic profiles of plasmid DNA isolated fi-om E. coli from 
soil irrigated with wastewater: lane a, DNA Hyperladder VI; lane b, Plasmid 
isolated from ESS; lane c, Plasmid isolated from ESI; lane d, Plasmid DNA 
isolated fi"om ES4; lane e, Plasmid isolated from ES2; lane f, Plasmid isolated 
from ESS; lane g, Plasmid isolated from ES6; lane h, X DNA digested with Eco 
RI and Hind III 
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Fig. 5. Curing of R-plasmid in Pseudomonas strains isolated from the Yamuna River 
water by ethidium bromide (a) PWl (b) PW2 
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Fig. 6. Curing of R-plasmid in E. coli strains isolated from the Yamuna River water (a) 
EWl by acridine orange (a') EWl by ethidium bromide (b) EW2 by acridine 
orange (b') EW2 by ethidium bromide 
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Fig. 7. Curing of R-plasmid in Pseudomonas spp. isolated from soil irrigated with 
wastewater (a) PSl by acridine orange (a') PSl by ethidium bromide (b) PS2 by 
acridine orange (b') PS2 by ethidium bromide 
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Fig. 8. Curing of R-plasmid in E. coli isolated from soil irrigated with wastewater (a) ESI 
by acridine orange (a') ESI by ethidium bromide (b) ES2 by acridine orange (b') 
ES2 by ethidium bromide 
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Chapter V: Genotoxicity of the Yamuna 
River water 
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Introduction 
Water pollution by organic micropollutants is a critical problem for drinking 
water resources and environmental protection of water bodies. It is extremely difficult 
to quantify the risk associated with xenobiotics in general because they usually occur in 
concentrations too low to allow analytical determination (Filipic, 1995). 
Since water may play an important role in the transmission of environmental 
carcinogens, which are responsible for an estimated 50 to 90% of human cancer cases, 
the Ames test is being used to determine the incidence of potential carcinogens in water 
supplies and their removal or formation by water treatment process (Vargas et al, 
2001). In many waters, particularly drinking water supplies, the concentration of 
mutagens is generally too low for direct detection by the Ames and other biological 
assays, and a wide variety of methods are being used to concentrate mutagens from 
large volumes of water (Vargas et al., 1995b; Cema et aU, 1996). 
The methods commonly used to concentrate water samples (liquid-liquid 
extraction and elution with resins) are equally efficient for the extraction of non-
volatile and organic mutagenic compounds (White and Rasmussen, 1998). The 
extraction of volatile compounds and the biological assays for the evaluation require 
special methods (McGeorge et al., 1983; Vargas et al., 1995b; Sakamoto et al., 1996; 
Claxton er a/., 1998). 
The use of biotesting has proven essential in investigating the presence of 
genotoxic activity in the natural environment. Mutation in bacteria has been widely 
used as a test system to detect genotoxicants. Progress in genetic toxicology has led to 
the development of several bacterial short-term tests for detecting genotoxic agents 
(Hofnung and Quillardet, 1986). The development of genetically modified strains of 
microorganisms particularly for genes coding for amino acid biosynthesis was the most 
important factor in the history of genetic toxicology. This coupled with an in vitro 
metabolic activation system has provided a successful test to determine potential 
heritable or carcinogenic risk of new chemical compounds (Meier and Daniel, 1990). 
There have been a number of studies in various countries on the mutagenicity 
of drinking water and contents of known or suspected chlorination products (lARC. 
1991; Rehana et al., 1995; Avishai et al., 2004). River water in some countries is either 
directly consumed by the people living along the river or used through a procedure for 
treating and distributing the drinking water supply. However, the mutagenicity of the 
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river water have received only little attention (Kusamran et al., 1994; Rehana et al., 
1995, 1996; Liu e/a/., 1999). 
In the present study, we evaluated the genotoxic activity of extracted water 
samples from the Yamuna River using the Ames Sa/ffJowe/Za/mammalian microsome 
test, DNA repair defective E. coli K-12 mutants, and bacteriophage X systems. 
Materials and methods 
Preparation of concentrated water extracts 
XAD-extraction method 
For the concentration of organic constituents, a sample of 15 liters of river 
water was collected. Before concentration the water samples were filtered through two 
membrane filters with pore size of 8 |am and 0.45 \xm. The adsorption of organic 
constituents on the XAD-resins was carried out as described by Wilcox and 
Williamson (1986). An equal mixture of XAD-4/8 was used as described by Kool et al. 
(1981). The adsorbed organic material was then eluted with 20 ml of acetone (HPLC-
grade). This eluate was evaporated to dryness and reconstituted in DMSO (HPLC-
grade) such that 1ml of extract was equivalent to 5 liters of the original water. These 
samples were filter sterilized through 0.45 ^m filters and stored at -20°C until testing 
was completed. 
Liquid-liquid extraction method 
Organochlorine and organophosphorus pesticides were extracted by liquid-
liquid extraction method as described by Singh et al. (1987). Five liters of the 
homogenized water samples were shaken vigorously thrice, each time using 50 ml n-
hexane (HPLC-grade) and 1 liter of the water sample. When the solvent and water 
layers were separated, the solvent layer was collected in a conical flask. This hexane 
extract contained the organochlorine pesticides. Organophosphorus pesticides were 
extracted from the same water sample, which had already been extracted with hexane. 
In these water samples, 50ml chloroform (HPLC-grade) was added three times, this 
chloroform extract contained the organophosphorus pesticides. The extracted organic 
phase was evaporated at 40°C under reduced pressure with the help of vacuum pump 
and made up to 1 ml. These samples were filtered through 0.45 |jm membrane filter 
before they were used for genotoxicity testing. 
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Salmonella mutagenicity testing 
The preincubation test was performed as described by Maron and Ames (1983) 
with some modifications (Pagano and Zeiger, 1992). Five doses of each water extract 
(XAD-concentrated: 1, 5, 10, 20 and 40 ^l/plate; liquid-liquid extracted: 5, 10, 20, 50 
and 100 nl/plate) were plated in duplicate with 0.1ml of the bacterial culture. After 
incubating the test sample and bacterial culture for 30 min at 37°C. 2.0 ml top agar 
containing traces of histidine and biotin was added and contents were poured on 
minimal glucose agar plates. Plates were incubated at 37°C for 48-72 h. Negative and 
positive controls were included in each assay. The negative plates had bacteria and 
solvent (DMSO) but no test sample. Methyl methane sulphonate and sodium azide 
were used as positive controls. All the water extracts were also tested in the presence of 
(+S9) microsomal fi"action, to which 20 of S9 liver homogenate mi.\ per plate was 
added. The criterion used to classify the results as positive was similar to those of 
Vargas et al. (1993; 1995b), i.e. number of revertants double the spontaneous yields 
accompanied by a reproducible dose-response curve. 
Treatment of E. coli K-12 strains with XAD-concentrated and liquid-liquid 
extracted water samples 
The SOS defective recA, lex A and polA mutants of £. coli K-12 as well as the 
isogenic wild type strains were harvested by centrifugation from an exponentially 
growing culture (1-3x10 viable counts/ml). The pellets so obtained were suspended in 
O.OIM MgS04 solution and treated with 20 ^1 of XAD-concentrated and liquid- liquid 
extracted water samples separately. Samples were withdrawn at regular intervals, 
suitably diluted and plated to assay the colony forming ability. Plates were incubated 
overnight at 37°C. Solvent control was also run simultaneously. 
Extracellular treatment of Bacteriophage X with the test samples 
Purified bacteriophage X (10'°PFU/ml) was incubated at 37°C with 20 jil/m! of 
the test samples. Aliquots of 0.1ml were withdrawn at regular intervals, suitably diluted 
in O.OIM MgS04 solution of pH 8.0 and allowed to adsorb on DNA repair defective 
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and wild type hosts of E. coli K-12 strains at 37°C. The infective centers were plated 
on nutrient agar by the double layer method. Plaques were counted after overnight 
incubation at 37°C. 
Results 
Reversion of the Salmonella tester strains in the presence of water extracts 
The his* reversion pattern of Salmonella tester strains in the presence of XAD-
concentrated water samples at different sampling sites is shown in Table 1. Significant 
mutagenic activity was observed in XAD concentrated water samples of Okhla and 
Mathura sampling sites as compared to that of control site (Sarsawa). Test samples 
exhibited maximum mutagenicity with TA98 strain at the dose level of 10 ^1 in the 
absence of S9 fraction at both the sampling stations (Okhla and Mathura). The 
reversion property which displayed an increasing trend up to a dose level of 10 |il/plate 
declined sharply at concentration of 40 jil/plate 
The strains could be sequenced in order of their responsiveness with and 
without metabolic activation in the presence of XAD concentrated water samples of 
Okhla and Mathura as follows: 
TA98>TA97a>TA 100>TA 104>TA 102 
Tester strains TA102 and TA104 were least responsive with the test samples. 
When the tester strains were challenged with XAD-concentrate in the presence of S9 
fraction there was an increase in the number of revertant colonies. At higher doses of 
the samples, the toxicity was also exhibited by most of the Salmonella strains. 
Contrary to the XAD-concentrates, the liquid-liquid extracted water samples 
displayed a lower level of mutagenicity both in the presence as well as in the absence 
of S9 fraction. Table 2 shows the reversion of the Salmonella tester strains with liquid-
liquid extracted water samples. Liquid-liquid extracted water samples showed that the 
strain TA98 responded maximally at the dose-level of 20 ^1/plate. Strains TA98, 
TAIOO, TA97a displayed a linear dose response relationship with the test samples as 
long as the dose was within the tolerance limit of the strains. 
Table 3 indicate the net revertants/liter of XAD-concentrated and liquid-liquid 
extracted water samples in the presence as well as in the absence of S9 fraction for the 
most responsive strains TA98 and TA97a. These strains exhibited the maximum 
mutagenic activity with TA98 (2411 net revertants/1) and TA97a (1508 net revertants/1) 
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respectively when treated with liquid-Hquid extracts of Mathura in the absence of S9 
fraction. On the other hand, XAD-concentrated water samples of Mathura resulted 
significant mutagenic response with TA98 (11738 revertants/liter) and TA97a (9825 
revertants/liter) strains in the absence of S9 fraction. The mutagenic activity was 
markedly enhanced in the presence of S9 fraction when treated with XAD-concentrated 
water samples, while the number of net histidine revertants/1 with strain TA98 in the 
absence of S9 fraction was 12912 when treated with XAD concentrated water samples 
ofOkhla. 
Survival ofE. coli K-12 strains with the test water samples 
The survival pattern of recA, lexA, and polA mutants in the presence of XAD 
concentrated and liquid-liquid extracted water samples is shown in Fig. 1. The damage 
brought about in the cell in the presence of XAD-concentrate was found to be 
remarkably high as compared to liquid-liquid water extracts at the dose level of 20 
^1/ml of culture. All the mutants invariably exhibited a significant decline in their 
colony forming units (CPUs) as compared to their isogenic wild type counterparts. The 
lexA and polA mutants were found to be the most sensitive strains. Survival was 
decreased by 86.7% and 65.1% in polA mutants after 6 h of treatment when treated 
with XAD-concentrated and liquid-liquid extracted water samples of Mathura 
respectively. XAD-concentrated and liquid-liquid extracted water samples of Okhla 
exhibited 86.3% and 75.5% decline in survival of polA' strain after 6 h of treatment. 
Survival of Bacteriophage X with the test samples 
Extracellular treatment of bacteriophage X wdth the test water (XAD-
concentrated and liquid-liquid extracted) samples is shown in Fig 2. The test water 
samples resulted significant loss of plaque forming units (PFUs) at a dose of 20 |al/ml 
of the culture. The decline was more pronounced in the lex A mutants in the presence of 
XAD-concentrated samples than liquid-liquid extracts. The survival was 30% in lexA 
strain when the phage was treated with liquid-liquid extracted water samples of 
Mathura after 6 h of treatment and it was only 17% in case of XAD-concentrated water 
samples. The recA mutant also exhibited decline in their plaque forming units 
compared to their isogenic wild-type counterparts. Water extracts of the Okhla 
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sampling site also displayed significant loss in plaque forming units as compared to 
less polluted control site (Sarsawa). 
Discussion 
Although several short term mutagenicity testing systems have been developed 
during the last twenty years, but the Ames Salmonella test is still recognized as a valid 
indicator of mutagenicity (Maron and Ames, 1983; Claxton et al.. 1988; Vargas et ai, 
2001). However it is always desirable to carry out a range of tests for a better 
understanding of the actual behavior of the test samples (Maron and Ames, 1983). We 
have therefore employed three test systems to estimate the mutagenic potential of the 
samples (a) the Ames Salmonella test (b) survival of DNA repair defective E. coli K-12 
mutants and (c) survival of bacteriophage X. 
The present study indicated an increase in the number of re\'ertant colonies with 
one or more Salmonella tester strains in the presence of test samples (Tables 1-2). 
Other workers have also reported mutagenic activity of surface and drinking water 
samples (Kusamran et al, 1994; Rehana et al, 1995; 1996; Liu et al, 1999). In our 
results significant mutagenic activity was detected in XAD concentrated water samples 
of Okhla and Mathura sampling stations as compared to that of control (Sarsawa). It 
was observed that the test samples exhibited maximum mutagenicity with TA98 strain 
at the dose level of 10 ^1 in the absence of S9 fraction at both the stations. Sakamoto 
and Hayatsu (1990) also reported the maximum mutagenic response in TA98 strain 
with riverine pollutants. Filipic (1995) extracted water samples with XAD-2 resins 
from the Sora river and tested for mutagenicity with a modified Salmonella test. He 
also found maximum mutagenicity with TA98 strain both in the presence and absence 
of S9 fraction. Several investigators have also tested the mutagenicity of water samples 
extracted by XAD-resins, blue rayon and blue chitin (Filipic, 1995; Vargas et al. 
1995b; Rehana et al, 1996; Sakamoto et al, 1996; White and Rasmussen, 1998); and 
they reported that the test samples were mutagenic with one or more of the Salmonella 
tester strains. Our results for XAD-concentrated water samples also indicated a 
remarkable level of mutagenicity with other tester strains. This may be largely due to 
the contamination of river water with domestic and industrial wastewater at these 
sampling sites. Pancarbo et al. (1987) found a significant mutagenic activity in a 
variety of industrial wastewater effluents and sludges. Malik and Ahmad (1995) 
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screened raw wastewater samples comprising of both domestic and industrial wastes, 
and they demonstrated significant mutagenic activity with Salmonella tester strains 
TA102andTA104. 
We found a higher level of mutagenic response when the water samples were 
extracted with XAD resins than by liquid-liquid extraction procedure (Tables 1-2). 
Adsorption on XAD resins could be very specific for the isolation of mutagenic 
substances from water samples (Yamasaki and Ames, 1977; Kool et al., 1981). Among 
the 400 pesticides preparations studied for mutagenic activity, half were found to be 
mutagenic in one or more of the test systems (Kurrinj, 1984). Ruiz and Marzin (1997) 
tested six pesticides for their genotoxicity using Ames Salmonella mutagenicity and 
SOS chromotest. They found that all the pesticides were genotoxic. 
The difference in results between XAD and liquid-liquid extraction methods 
may be due to the fact that the polystyrene-based XAD resins, which are non-polar 
copolymers of styrene-divinylbenzene, can trap organic compounds in general (Junk ei 
al., 1974). Therefore, most mutagens are expected to be effectively concentrated by the 
use of XAD resins. However, liquid-liquid extraction concentrates mostly pesticides 
(Singh et al., 1987). McGeorge et al. (1983), Meier (1988), and Vargas et al. (1995b) 
concentrated water samples by liquid-liquid extraction procedure and found that 
volatile substances are lost during the processing of sample evaporation. However. 
Vargas et al. (1995b) reported the samples that were positive to the Salmonella assay 
by the direct concentration method lost this activity after liquid-liquid extraction. This 
difference was related to the loss of substances that volatilize during the extraction 
process, and the study of volatile product concentrates confirmed the role of these 
compounds in inducing the activity present in some samples. 
In the present study, mutagenic responses of the liquid-liquid extracted water 
samples may not necessarily reflect the mutagenicity of existing pesticides in the test 
water because some other organic pollutants might also accompany the pesticides in 
the extract. A similar pattern with respect to the responsiveness of the tester strains was 
reported by Rehana et al. (1995) for Ganges River water. Significantly enough, 
presence of the S9 fraction exerted an inhibitory effect on the appearance of histidine 
revertants when treated with liquid-liquid extracts. 
Umbuzeiro et al. (2001) proposed boundaries of mutagenic activity for natural 
water samples as low (up to 500 revertants per equivalent liter), moderate (500-2500 
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revertants per equivalent liter), and high (2500-5000 revertants per equivalent liter). 
Houk (1992), in her classification of industrial wastes and effluents, stated that more 
than 5000 revertants per equivalent liter (TA98) should be categorized as extremely 
mutagenic. Comparing our data with their criteria, we found that the XAD-
concentrated water samples of downstream sites were significantly mutagenic with 
tester strains TA98 and TA97a, while liquid-liquid-extracted water samples were 
moderately mutagenic (Table 3). Control water samples (XAD-concentrated) were 
slightly mutagenic with the TA97a strain (418 revertants/1. Table 3). 
The survival pattern of reck, lexA and polA mutants of E. coli in the presence 
of XAD-concentrated and liquid-liquid extracted water samples is shown in Fig. 1. It is 
postulated that the inducible error prone repair pathway presiimably involving the recA 
and lexk genes which could potentially operate on several types of lesions in DNA, 
whether produced by radiation, environmental chemicals or by other agents (Walker, 
1985; Strauss, 1989; Rehana et ah, 1996). Bourbigot et al. (1986) and Rehana et al. 
(1996) demonstrated the ability of the water concentrates to induce the SOS response 
by means of DNA damage in E. coli cells. The rech, lex A and polA mutants of £ coli 
were found to be sensitive to the test samples suggesting damage to the DNA of 
exposed cells as well as the role of recA^, lexA^ and polA* genes to cope with the 
hazardous effect of pollutants. 
The different principles and biological end points of the Salmonella reversion 
test and of the E. coli DNA repair test, as well as the comparative data obtained in this 
study, clearly indicate that the two experimental models are not alternative but 
complementary, thus supporting the view that they should be conveniently combined in 
any battery of short-term tests predictive of carcinogenicity. 
Extracellular treatment of Bacteriophage X with concentrated water samples 
resulted in significant loss of plaque forming units (Fig. 2). Vargas et al. (1995b) 
concentrated water samples and screened the concentrates for their genotoxicity by 
microscreen phage-induction assay and proved that it is a good screening assay for 
genotoxic compounds present in small concentrations in environmental samples. Houk 
and DeMarini (1987) also reported that prophage induction may be useful for screening 
hazardous wastes, many of which contain chlorinated organics and carcinogenic 
solvents and metals that are refractory in the Salmonella assay. 
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Mutagenicity assessment of Yamuna River water demonstrated that it has been 
polluted by a mixture of genotoxins with both bacterial mutagenic and genotoxic 
effects. Our results are consistent with the idea that the test water samples would be 
remarkably genotoxic. Moreover, the water samples also initiate the SOS response and 
thus bring about mutation in the bacterial DNA. The genotoxic effect of the test water 
samples would obviously pose a risk of neoplastic transformation in humans using 
untreated Yamuna River water for drinking. 
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Fig. 1. Survival of E. coli K-12 strains exposed to XAD-concentrated water samples (a) 
Sarsawa (b) Mathura (c) Okhla. Wild-type {recJC, lexA*) (O-O); recA (*-*); 
lexA (•-•);polA' ( 0 - 0 ) ; / P O / A ' ( A - A ) 
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Fig. 2. Survival of E. coli K-12 strains exposed to liquid-liquid extracted water samples 
of (a) Sarsawa (b) Mathura (c) Okhla. Wild-type (recA\ lexA") (O-O); recA (*-
*);/exA (•-•);/7o/A-(0-0);/?o/A* (A-A) 
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Fig. 3. Survival of extracellularly treated bacteriophage X with XAD-concentrated water 
samples of (a) Sarsawa (b) Mathura (c) Okhla. Wild-type (recA*, lex A*) (O-O); 
recA (*-*); lex A ( • - • ) 

Fig. 4. Survival of extracellularly treated bacteriophage X with Hquid-liquid extracted 
water samples of (a) Sarsawa (b) Mathura (c) Okhla. Wild-type (recA*, lexA*) 
(O-O); recA (*-*); lexAC-9) 

Chapter VI: Genotoxicity of soil 
Introduction 
Soil contaminants are widespread in industrialized countries, causing direct 
pollution of the soil and indirect pollution of the ground water and food. Among the toxic 
compounds, particular attention should be paid to soil mutagens and carcinogens due to 
their potentially detrimental effects on animal populations and human health (Monarca et 
al., 2002). 
In most towns of India, the raw sewage is used either directly to irrigate the 
agricultural land as a supplement of essential plant nutrients or disposed into fresh water 
streams which again can be used for agricultural purposes. This treatment increases crop 
production and results in the accumulation of toxic substances in soil and in the crop as 
sewage is usually contaminated with pollutants such as heavy metals and polychlorinated 
substances from domestic and industrial wastes that enters into the sewer system (Kansal, 
1994, Singh e/fl/., 2004). 
It is expected that the results of genotoxicity assays of complex mixtures like soil 
are strongly influenced by the method of sample preparations and extractions, because 
chemical and physical properties of constituents, including major genotoxic compounds, 
in the mixtures differ greatly. In most of the studies assessing the genotoxicity, leachates 
of soil samples were prepared prior to the assay. The leachates from soil samples were 
generally made by shaking soil samples with aqueous (Smith, 1982; Ehrlichmann et al., 
2000; Cabrera and Rodriguez, 1999) and/or organic solvents (Knize et al., 1987; Goto et 
al., 2000; Courty et al., 2004). 
Several workers have studied the genotoxicity of soil irrigated with wastewater 
using plant bioassays. They demonstrated that the extracts of the soil showed differential 
sensitivity in these bioassays (Ma, 1995; Chroust et al, 1997; Kong and Ma, 1999; 
Grover and Kaur, 1999; Cotelle et al, 1999 Monarca et al, 2002). 
Present study focuses on the genotoxicity of agricultural soil irrigated with 
wastewater from factories and domestic sewage about a decade and ground water 
irrigated soil; using three different bioassays namely Ames Sa/wo«e//a/mammalian 
microsome test, survival of SOS defective E. coli K-12 mutants and bacteriophage 
lambda systems. Few studies have been concemed in testing potentially contaminated 
soils of India by these methods (Malik and Ahmad, 1995). 
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Materials and methods 
Sample collection 
Soil sample were collected as described earlier (Chapter II: General Materials and 
methods). 
Extraction of soil samples with different solvents 
Extraction of soil with different solvents (methanol, acetonitrile and acetone) w as 
done according to the method of Knize et al. (1987). 10 g of soil was extracted with 10 
ml of the extraction solvent. The extracts were centrifuged at 7000 rpm for 10 min. The 
extracts were evaporated to dryness and then re-dissolved in 1 ml of DMSO. These 
extracts were filtered sterilized through 0.45 ^m filters and stored at -20°C until testing 
was completed. 
Salmonella mutagenicity testing 
The preincubation test was performed as described by Maron and Ames (1983) 
with some modifications (Pagano and Zeiger, 1992). Five increasing doses (20, 40, 60, 80 
and 100 |il) of each soil extract were plated in duplicate with 0.1ml bacterial culture. 
After incubating the test sample and bacterial culture for 30 min at 37°C, 2.0 ml top agar 
containing traces of histidine and biotin were added, and contents were poured on 
minimal glucose agar plates. Plates were incubated at 37°C for 48-72 h. Negative and 
positive controls were included in each assay. The negative control plates had bacteria 
and solvent (DMSO) but no test sample. Methyl methane sulphonate and sodium azide 
were used as positive controls. All the soil extracts were also tested in the presence of 
(+S9) microsomal fi-action, to which 20^I of S9 liver homogenate mix per plate was 
added. The criterion used to classify the results as positive was similar to those of Vargas 
et al. (1993; 1995b) i.e. nimiber of revertants double the spontaneous yields accompanied 
by a reproducible dose-response curve. 
Treatment oiE. coli K-12 strains with soil extracts 
The SOS defective rech, lex A and pol A mutants of £. coli K-12 as well as the 
isogenic wild type strains were harvested by centrifugation from an exponentially 
o 
growmg culture (1-3x10 viable counts/ml). The pellets so obtained were suspended in 
0.0 IM MgS04 solution and treated with 80 i^l of each soil extract. Samples were 
withdrawn at regular intervals, suitably diluted and plated to assay the colony forming 
ability. Plates were incubated overnight at 37°C. Solvent control was also run 
simultaneously. 
Extracellular treatment of Bacteriophage X with the test samples 
Purified bacteriophage X (10'° PFU/ml) was incubated at 37°C with 80 ^1/ml of 
test samples. Aliquots of 0.1ml were withdrawn at regular inter\'als, suitably diluted in 
O.OIM MgS04 solution of pH 8.0 and allowed to adsorb on DNA repair defective and 
wild type hosts of £. coli K-12 strains at 37°C. The infective centers were plated on 
nutrient agar by double layer method. Plaques were counted after overnight incubation at 
37°C. 
Results 
The reversion of Ames tester strains in the presence of soil extracts are 
summarized in Tables 1-3. Extracts of soil with methanol were found to be more 
mutagenic in agricultural soil irrigated with wastewater than acetonitrile and acetone 
extracts. However, agricultural soil irrigated with wastewater was found to be most 
responsive to the tester strains compared to that of ground water irrigated soil. Extracted 
soil samples (methanolic) exhibited a significant degree of mutagenicity with TA98 
strains (218 net revertants) at the dose level of 80 ^l/plate. The reversion property which 
displayed an increasing trend up to 80 ^1/plate declined sharply at 100 ^1/plate. 
Significanth- enough the presence of S9 liver microsomal fraction exhibited an inhibitory 
effect on appearance of his* revertants. The strains could be listed in order of their 
responsiveness with methanolic extract of soil in the absence of S9 fraction as follows: 
TA98> TA100> TA97a> TA102, TA104. 
Extraction of soil with acetonitrile and acetone also displayed the maximum 
mutagenicit}- with TA98 strain both in the presence and absence of S9 fractions. In the 
absence of S9 fraction, the mutagenic indexes of TA97a strain towards the acetonitrile 
extracts of the soil were different to those of acetone extracts. In the presence of S9 
fraction the mutagenic indexes of TA97a towards the acetone extracts from soil were 
higher than TAIOO. Moreover, significant difference was not found among the mutagenic 
indexes of TA102 and TA104 strains towards the acetonitrile and acetone extracts. Here 
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again maximum mutagenicity was found in agricultural soil irrigated with wastewater 
compared to that of ground water irrigated soil (Tables. 2-3). 
Survival pattern of recA, lexK and po/A mutants of E. coli K-12 and their 
isogenic wild-type counterparts in the presence of soil extracts is shown in Fig. 1. It was 
observed that the polA mutant was the most sensitive strain when tested with soil extracts 
but the decline was more pronounced when they were treated with extracts of soil 
irrigated with wastewater than ground water extracted soil. The survival was 16.5%, 
21.0% and 33.7% in po/A strain after 6 hours of treatment when tested with wastewater 
irrigated soil extracts of methanol, acetonitrile and acetone respectively. However, the 
survival was 45.2%, 49.8% and 55.9% in polA strain after 6 hours of treatment when 
tested with ground water irrigated soil extracts of methanol, acetonitrile and acetone 
respectively. 
Fig. 2 shows the survival of bacteriophage X with the solvent extracts of soil. The 
decline in plaque forming units was more pronounced in lexA mutants as compared to 
their wild type counterparts. The survival was 17.7%o, 24.5% and 31.1% in lexA strain 
after 6 hours of treatment when tested with wastewater irrigated soil extracts of methanol, 
acetonitrile and acetone respectively. However, survival was 47.7%), 53.1 % and 66.4% in 
lexA strain under the same experimental condition when tested with ground water 
irrigated soil extracts of methanol, acetonitrile and acetone respectivel}'. 
Discussion 
There are a large number of short-term bioassays for detecting genetic toxicity. 
These assays utilize a wide range of organisms and cell types and measure a variety of 
different genetic changes. The genetic damage detected represents DNA damage from 
point mutations to chromosomal mutations. However, there is no single test that 
adequately detects the types of genetic damage that may be induced by all chemical 
classes of genotoxic compounds and/or complex chemical mixtures. Furthermore, only a 
limited number tests can be utilized for detecting genetic damage from hazardous 
industrial waste sites under field conditions (Cabrera and Rodriguez, 1999). 
The assay developed by Ames (Ames, 1971) is the most commonly used 
mutagenicity test. The Salmonella assay has been widely used throughout the world to 
detect the mutagenic activity of complex environmental mixtures (Umbuzeiro et al., 
2001). It was modified and improved several times (Maron and Ames. 1983; Ames et al.. 
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1973; Ames et al., 1975; Mortelmans and Zeiger, 2000). The Ames test is very useful for 
detecting mutagens under laboratory conditions. It was specifically designed to detect 
chemically induced mutagenesis. In fact, it is commonly used in the initial screening to 
determine the mutagenic potential of new chemicals and drugs (Mortelmans and Zeiger, 
2000). 
Soil irrigated with wastewater contains certain agents capable of inducing 
mutations. We have found differential pattern of his^ reversion of Ames tester strains 
with different solvents used for the extraction of mutagenic substances from soil irrigated 
with wastewater. Methanol extract was being the most mutagenic and producing 218 net 
revertants at the dose of 80 ^1/plate with TA98 strains while the net number of his* 
revertants in the presence of acetonitrile and acetone extracts of the same soil with TA98 
strain were 145 and 62 respectively. Cabrera and Rodriguez (1999) tested the 
genotoxicity of soil from farmland irrigated with wastewater using three plant bioassays 
and they also reported that contaminated soils contained certain agents which are capable 
of inducing mutations. 
Present study indicated that the samples collected from ground water irrigated soil 
was also mutagenic to the TA98 strain (Mutagenic index = 2.1) when extracted with 
methanol at the dose level of 80 ^l/plate. Several workers have also reported that 
agricultural soil was found to be mutagenic in Salmonella mutagenicity assay both in the 
presence and absence of 89 mix (Smith, 1982; Goggleman and Spitzauer, 1982; Brown ei 
al., 1985; Edenharder et al, 2000). Goggleman and Spitzauer (1982) examined n-
hexane/acetone extracts of soil from several agricultural fields on which crops such as 
hops, asparagus, rye, oat pasture and meadow grew and they showed that all soil samples 
were mutagenic to Salmonella typhimurium TA98 and TAIOO strains with some 
difference in potency. Mutagenicity of soil is related not only to farming but also to 
industrial and vehicular emissions and fires (Knize et al., 1987). Microorganisms in soil 
could have a worldwide disfribution and may account for the mutagen-depth profile b\ 
living and producing mutagenic products at an optimum depth of 4-10 cm. The 
mutagenicity per gram of soil is variable in different locations and with the type of plant 
grown (Goggleman and Spitzauer, 1982). Products of microorganisms such as aflatoxins 
are known to be potent mutagens. This type of mutagen, like the major response in soil 
extracts, requires activation and responds better to strain TA98. Soil near some cities in 
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Asia (Tokyo, Bangkok, Chaing Mai and Manila) has been found to have mutagenic effect 
(Matsushita eM/., 1983). 
We have extracted 10 g of soil sample with 10 ml of extraction solvents and 
evaporated it to dryness under reduced pressure and finally made up the volume to 1ml in 
DMSO so that 1 g of the soil is equivalent to 100 jil of the extract. The data presented in 
the Tables 1-3 for the Ames tester strains at the doses of 20, 40, 60, 80 and 100 \i\/ plate 
(extract) is equivalent to 0.2, 0.4, 0.6, 0.8 and 1.0 g of soil respectively. The number of 
net histidine revertants per kg of soil for the TA98 strain with methanolic extract at linear 
doses were 286000 in the absence of S9 mix and therefore demonstrated significant 
mutagenicity in the soil samples. Knize et al. (1987) tested the genotoxicity of soil using 
different solvents employing Ames test and found that the strain TA98 was most 
sensitive to acetonitrile extracts producing 298000 his* revertants per kilogram of soil. 
While the strain TAIOO was less sensitive producing 73000 his* revertants per kilogram 
of soil. 
Our data is indicative of the presence of methanol soluble substances in the soil to 
be more mutagenic than those of acetonitrile and acetone. It is obvious that under the 
experimental conditions only organic substances would exclusively be extracted. For the 
past several decades organochlorine pesticides have been widely used for both 
agricultural and public health purposes and there is always a tendency to use them in 
excess. For examples, the use of DDT has now been restricted in many countries 
including India, people are still using it; probably because it is economical. Even though 
there is restriction on DDT and HCH, they have already become imiversal pollutants and 
are reported from virtually every component of the environment (Lai et al., 1989). The 
field survey conducted by the Aligarh Muslim University, Aligarh showed that most of 
the organochlorine pesticides are predominantly used by farmers in the vicinity of 
Aligarh region and these pesticides account for over 97% of the total insecticides and 
pesticides used and thus agricultural soil may become contaminated with these pesticides. 
A number of organic and inorganic pollutants from the wastewater might enter into the 
soil as a result of irrigafion. This treatment increases crop production and results in the 
accumulation of toxic substances in soil and in the crop as sewage is usually 
contaminated with pollutants such as heavy metals and polychlorinated substances from 
domestic and industrial wastes that enters into the sewer system. However, it is difficult 
to isolate and identify all the pollutants because it needs the complex analytical 
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techniques and therefore we have performed genotoxicity of the soil extract (complex 
mixtures) using biological test system for determining the toxicological impact of the 
industrial and municipal discharges. Mutagenic response of the organic extracts of the 
soil would not necessarily reflect the mutagenicity of the pesticides because some of the 
other organic pollutants might also come along with the pesticides in the extracts. 
The necessity of using different solvents to isolate mutagenic constituents from 
complex environmental mixtures was demonstrated by Barbee et al. (1996). This may be 
particularly important when microbial transformation impact the soil detoxification 
process since bio-transformation and/or biodegradation frequently produce intermediate 
breakdown products which are more polar, mutagenic, and mobile than the parent 
compound (Abbott and Sims, 1989). 
Despite confusion about the properties of genotoxins in surface water and 
municipal wastewater extracts, many studies discuss the genotoxicity of substances 
known to be present in mixed municipal wastewater. These includes sanitar>' wastes, 
pesticides for lawn and garden care, combustion by-products that enter the municipal 
system via surface run off from roadways, commercial and industrial areas, as well as 
discharges from hospitals and research institutions that use antineoplastic drugs and 
experimental genotoxins (White and Rasmussen, 1998). 
The survival pattern of lexk, recA and polA mutants of E. coli as well as their 
isogenic wild type counter parts in presence of soil extracts is shown in Fig 1. It is 
postulated that the inducible error prone repair pathway presumably involving the recA 
and lexA genes which could potentially operate on several types of lesions in DNA, 
whether produced by radiation or environmental chemicals or by other agents (Strauss, 
1989; Malik and Ahmad, 1995; Rehana et al, 1996; White and Rasmussen, 1998) 
Extracellular treatment of bacteriophage "k with the soil extracts is shown in Fig. 
2. Soil extract gave significant loss of plaque forming units (PFUs) at the dose of 80 
Hl/ml of phage. The decline was more pronounced in the lexA mutants in the presence of 
methanolic extract than acetonitrile and acetone extracts of the same soil. The survi\al 
was 47.7% in lexA strain when the phage was treated with ground water irrigated 
methanolic soil extracts after 6 h of treatment and whereas, it was only 17.7% when 
tested with the extract of soil irrigated with wastewater. 
Our results suggest that the agricultural soil irrigated with wastewater contained 
certain genotoxic agents which are capable of inducing mutations. In \'iew of the 
common practice of application of untreated wastewater to agricultural land in the 
neighboring area should be strictly prohibited as the pollutants might enter into the food 
chain and causing health hazards to humans. 
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Summary 
Rivers have always been the most important freshwater resources, along the banks 
of which our ancient civilizations have flourished, and most developmental activities are 
still dependent upon them. River water finds multiple uses in every sector of development 
like agriculture, industry, transportation, aquaculture, and public water supply etc. 
however, since old times, rivers have also been used for cleaning eind disposal purposes. 
Huge loads of waste from industries, domestic sewage and agricultural practices find 
their way into rivers, resulting in large-scale deterioration of the water quality. 
The concentration of metal pollutants in the environment is usually low excepting 
in specific areas, which are polluted by various hospitals and industrial wastes. Although 
some heavy metals are essential trace elements, most can be, at high concentrations, toxic 
to all branches of life including microbes by forming complex compounds within the cell. 
Because heavy metals are increasingly found in microbial habitats due to natural and 
industrial processes, microbes have evolved several mechanisms to tolerate the presence 
of heavy metals. Metal resistance is often associated with resistance to single or multiple 
drugs, phenolic compounds and pesticides. 
Several hundred pesticides of different chemical nature are currently used for 
agricultural purposes all over the world. Because of their widespread use, they are 
detected in various environmental matrices, such as soil, water and air. Pesticides are 
divided into many classes, of which the most important are organochlorine and 
organophosphorus compounds. Organochlorine pesticides are known to resist 
biodegradation and therefore, they can be concentrated through food chains and produce 
a significant magnification of the original concentration at the end of the food chain. 
The demonstration that wastewater can induce genotoxic effects in aquatic and 
terrestrial species has stimulated interest in this area. Progress in this field is in large part 
due to the development and wide spread use of short-term genetic bioassays. Their 
simplicity, relative speed and low cost in experimentation, and small amount of samples 
required for analysis have permitted research in genetic toxicology to flourish. Results 
from genetic bioassays are relevant to human health because the toxicological target is 
DNA which exists in all forms of life. 
In this study, efforts were made to evaluate the genotoxicity of the Yamuna River 
water and contaminated soil to highlight the putative hazards of industrial and domestic 
wastewater in the test system and also to investigate the patterns of resistance developed 
by certain Gram negative bacteria against heavy metals and antibiotics. 
Significant findings along witli their explanations are summarized as under: 
I. Quantitative determination of heavy metals and pesticides 
> Atomic absorption spectrophotometric analysis of water and soil samples revealed the 
presence of a variety of heavy metals viz. Fe, Zn, Cu, Cr, Pb, Cd and Ni. Test water 
samples (Mathura and Okhla) contained high levels of these metals as compared to 
that of control site (Sarsawa). 
> Soil irrigated with wastewater contained elevated concentration of several heav%' 
metals as compared to that of ground water irrigated soil and a significant difference 
was observed in the levels of these metals in two different soils. 
> GC analysis of the water samples showed the presence of pesticides i.e. BHC, aldrin. 
endosulfan, dieldrin, 2,4-D, DDT, dimethoate and methyl parathion. 
> Soil samples were also analyzed for the presence of pesticides by gas chromatograph} 
and a significant difference was observed between soil irrigated with wastewater and 
ground water irrigated soil. 
> Some unidentified peaks in the gas chromatograms of the test water and soil samples 
were also observed, which showed the presence of other contaminants in the test 
samples. 
These findings clearly indicated that test water and soil samples contained several 
organochlorine and organophosphorus pesticides. Several heavy metals were also present 
in the test samples. Wastewater irrigated soil contained elevated level of heavy metals as 
compared to that of ground water irrigated soil. This might be due to the strategic 
position of the area of our study namely the outskirts of Aligarh City which houses many 
lock manufacturing, steel and electroplating industries and their effluents would contain 
quite a large amount of these metals. 
II. Heavy metal and antibiotic resistance in Gram negative bacteria isolated from 
the river water and soil 
Certain Gram-negative bacteria (Pseudomonas spp., E. coli, and Azotobacter 
chroococcum) were isolated from the Yamuna water and soil, and identified on the basis 
of morphological, cultural and biochemical characteristics. 
> All the bacterial isolates were tested for their resistance against certain heavy metals 
i.e. Hg2^ CS\ Cu2^ Cr3\ CT'\ ZX^\ Ni'* and Pb'^ 
Ill 
> A high level of metal resistance was observed in bacteria isolated from water and soil 
irrigated with wastewater as compared to that of ground water irrigated soil. Most of 
the isolates showed MIC of more than 200 \ig/ml to these metals. Further, MIC 
values upto 3200 |a.g/ml were recorded. Majority of the isolates from water and 
contaminated soil were resistant to multiple metal ions. 
> All the bacterial isolates were also tested for their sensitivity against 17 commonly 
used antibiotics/drugs and most of the isolates were resistant to multiple antibiotics. 
> Some of the multiple metal and antibiotic resistant strains were further screened for 
the presence of plasmid DNA and characterized by agarose gel electrophoresis. The 
molecular weight of the plasmids were calculated using photocapt software (Vilber 
Lourmat, France). The molecular weight of Pseudomonas plasmids were in the range 
of 49.9-56.8 kb, while that of £. coli were in the range of 51.0-53.5 kb. 
> Resistance markers could be transferred from multiple metal resistant strains to 
recipient E. coli K-12 AB2200 strain by conjugation. 
> Bacterial cells seem to have cured of plasmid DNA on treatment with ethidium 
bromide and acridine orange. 
The above findings suggest that the Yamuna water and soil is heavily polluted 
with several types of pesticides, toxic metals as well as the potentially hazardous bacterial 
flora because of their capacity to resist one or the other well known chemotherapeutic 
agents. Moreover, the occurrence of resistant bacterial species can be detrimental for the 
ecosystem. Present study also indicated that not all species have evolved resistance 
mechanisms for metals and antibiotics. Many sensitive species might have been 
eliminated by the pollutants and their place is taken by the resistant species which have 
different ecological properties. The resistant microorganisms often failed to perform 
specific ecological fimctions. One step ahead of the above, we can envisage the alarming 
situation prevailing in our system and surrounding in the light of transmissible nature of 
R-plasmids. 
Ill: Genotoxicity of the Yamuna River water 
> Test samples (Mathura and Okhla) displayed significant enhancement in the number 
of his"*^  revertant colonies as compared to that of control site (Sarsawa). 
> TA98, which are frame shift mutants were found to be the most sensitive strain. The 
number of revertants at the dose level of 10 |Lil/plate was 522 when tested with the 
XAD concentrated water samples of Okhia as compared to that of Mathura at the 
same dose (464 his* revertants). 
> All the tester strains responded significantly even in the absence of S9 liver 
microsomal fraction. 
> The mutagenic activity of XAD concentrated samples was further enhanced in the 
presence of S9 fraction. 
> Liquid-liquid extracted water samples also exhibited a remarkable level of mutagenic 
activity . Strains TA98, TAIOO, TA97a displayed a linear dose response relationship 
with the test samples as long as the dose was within the tolerance limit of the strains. 
However, the presence of S9 fraction either slightly decreased the number of 
revertants or remains the same as compared with that in the absence of S9 fraction. 
> Strains TA98 and TA97a exhibited the maximum mutagenic activity with 2411 and 
1508 net revertants/liter of water respectively when treated with liquid-liquid extracts 
of Mathura in the absence of S9 fraction. 
> XAD-concentrated water samples of Mathura resulted significant mutagenic response 
with TA97a (9825 revertants/liter) and TA98 (11738 revertants/liter) strains in the 
absence of S9 fraction. 
> The number of net histidine revertants/I with strain TA98 in the absence of S9 
fraction was 12918 when treated with XAD concentrated water samples of Okhla. 
> The recA, lexA, and polA mutants of E. coli K-12 were highly sensitive in the 
presence of test samples (XAD-concentrated and liquid-liquid extracted) of Mathura 
and Okhla. All the mutants invariably exhibited a significant decline in their colony 
forming units (CPUs) as compared to their isogenic wild type counterparts. The lexA 
and polA mutants were foimd to be the most sensitive strains. 
> The damage brought about in the cell in the presence of XAD-concentrates was found 
to be remarkably high as compared to liquid-liquid water extracts of the test sampling 
sites at the dose level of 20 |il/ml of culture. 
> Extracellular treatment of bacteriophage X with test samples resulted in significant 
loss of plaque forming units. 
> The survival was 30% in lexA strain when the phage was treated with liquid-liquid 
extracted water sample after 6 h of treatment and it was only 17% in case of XAD-
concentrated water samples of Mathura. The recA mutant also exhibited decline in 
their plaque forming units as compared to their isogenic wild-type counterparts. 
> The survival was 30.3% in lexA strain when the phage was treated with liquid-liquid 
extracted water sample after 6 h of treatment and it was only 18.4% in case of XAD 
concentrated water samples of Okhla. 
Mutagenicity assessment of the Yamuna River water demonstrated that it has 
been polluted by a mixture of genotoxins with both bacterial mutagenic and genotoxic 
effects. Our results are consistent with the idea that the test water samples would be 
remarkably genotoxic. Moreover, the water samples also initiate the SOS response and 
thus bring about the mutation in the bacterial DNA. The genotoxic effect of the test water 
samples would obviously pose a risk of neoplastic transformation in humans using 
untreated Yamuna River water for drinking. 
IV: Genotoxicity of soil 
> Agricultural soil irrigated with wastewater was found to be most responsi\e to the 
Salmonella tester strains as compared to that of ground water irrigated soil. 
> Extracts of soil with methanol were found to be more mutagenic in agricultural soil 
irrigated with wastewater than acetonitrile and acetone extracts. Extracted soil 
samples (methanolic) exhibited a significant degree of mutagenicity with TA98 strain 
(218 net revertants) at the dose level of 80 |il/plate. The reversion propertj which 
displayed an increasing trend up to 80 ^l/plate declined sharply at 100 |il/plate. 
> Significantly enough the presence of S9 liver microsomal fraction exhibited an 
inhibitory effect on appearance of his* revertants. 
> Extraction of soil with acetonitrile and acetone also displayed the maximum 
mutagenicity with TA98 strain both in the presence and absence of S9 fractions. 
> Ames tester strains TAl 02 and TAl 04 were less sensitive to test samples. 
> The recA, lex A and polA mutants of E. colt K-12 were sensitive to the test samples 
(soil extracts) as compared to their isogenic wildtype counterparts. 
> polA and lexA mutants were the most sensitive strains when tested with soil extracts 
but the decline was more pronounced when they were treated with extracts of soil 
irrigated with wastewater than ground water extracted soil. 
> The survival was 16.5%, 21.0% and 33.7% inpolA strain after 6 hours of treatment 
when tested with wastewater irrigated soil extracts of methanol, acetonitrile and 
acetone respectively. 
> Extracellular treatment of bacteriophage X, resulted in significant decline in plaque 
forming units in wastewater irrigated soil extracts as compared to that of ground 
water irrigated soil. 
These findings strongly suggest that the agricultural soil irrigated with wastewater 
contained certain genotoxic agents, which are capable of inducing mutations. In view of 
the common practice of application of untreated wastewaters to agricultural land in the 
neighboring area should be strictly prohibited as the pollutants might enter into the food 
chain and causing health hazards to humans. 
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Abstract 
Water samples from the Yamuna River at Okhla (Delhi). India, were concentrated using XAD resins (XAD-4 and XAD-8) and 
liquid-liquid extraction procedures. Gas chromatographic analysis of liquid-liquid extracted water samples revealed the presence of 
the pesticides DDT, BHC, dieldrin. endosuifan. aldrin. 2.4-D. dimeihoaie, methyl parathion. and malathion at concentrations of 14, 
25. 2.1, 114, 0.9, 0.6, 0.9, 1.7, and 1.9ng/L. respectively. The genotoxicity of the extracted water samples was evaluated with the 
Ames 5a//no/ie//a/mammalian microsome test, DNA repair-defective mutants, and bacteriophage A systems. The results of the 
Salmonella test demonstrated that the XAD-concentrated water samples had maximum mutagenicity with the TA98 strain both with 
and without metabolic activation. However, the liquid-liquid-exiracied water samples were also found to be mutagenic with one or 
more of the Ames tester strains, but to a lesser extent as compared with XAD extracts. The damage brought about in the DNA 
repair-defective mutants in the presence of XAD-concentrated water samples was found to be markedly high as compared with that 
liquid-liquid-extracted water samples at the dose level of 20nl/mL culture. All mutants invariably exhibited significant declines in 
their colony-forming units as compared with their isogenic wild-type counterparts. Survival decreased by 86.3 and 75.5% in the 
polA~ strain after 6h of treatment with XAD-concentrated and liquid-liquid-extracted water samples, respectively. A significant 
decrease was also ol)served in the survival of bacteriophage /. when treated with the test samples. Mutagenic responses of the 
liquid-liquid-extracted water samples may not necessarily reflect the mutagenicity of existing pesticides in the test water, because 
some other organic pollutants might accompany the pesticides in the extract. 
© 2004 Elsevier Inc. All rights reserved. 
Keywords: Genotoxicity; River water; Ames Salmonella; DNA repair-defective mutants 
1. Introduction 
Environmental mutagens may be a major risk factor 
for human health. Of particular concern are hazardous 
industrial wastes and efHuents. Their chemical complex-
ity precludes a detailed chemical analysis of individual 
genotoxic components. Therefore, short-term bioassays 
are often used for screening the potential genotoxic risk 
of complex environmental mixtures (Cerna et al.. 1996). 
The identification of specific chemical substances with 
genotoxic activity in drinking water, in untreated waters, 
or even in industrial effluent is quite difficult because few 
compounds are present at high concentration (Malik 
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and Ahmad, 1995; Vargas ct al., 1995). Many times 
genotoxic activity cannot be attributed to specific 
compounds in mixture, but rather to a set of properties 
and chemical interactions of the sample as a whole 
(McGeorge et al., 1983). 
The Yamuna River is one of the heavily polluted 
rivers in India. Pollutants flowing into the river are 
contributed from the waste of the cities situated along its 
bank. The Yamuna River passes through Delhi, the 
capital of India, where it receives large volumes of 
domestic and industrial effluents. The river is the main 
source of water supply to Delhi. 
Since water may play an important role in the 
transmission of environmental carcinogens, which are 
responsible for an estimated 50-90% of human cancer 
cases, the Ames test is being used to determine the 
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ity precludes a detailed chemical analysis of individual 
genotoxic components. Therefore, short-term bioassays 
are often used for screening the potential genotoxic risk 
of complex environmental mixtures (Cerna et al., 1996). 
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genotoxic activity in drinking water, in untreated waters, 
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compounds are present at high concentration (Malik 
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genotoxic activity cannot be attributed to specific 
compounds in mixture, but rather to a set of properties 
and chemical interactions of the sample as a whole 
(McGeorge et al., 1983). 
The Yamuna River is one of the heavily polluted 
rivers in India. Pollutants flowing into the river are 
contributed from the waste of the cities situated along its 
bank. The Yamuna River passes through Delhi, the 
capital of India, where it receives large volumes of 
domestic and industrial effluents. The river is the main 
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incidence of potential carcinogens in water supplies and 
tiieir removal or formation by water treatment processes 
(Rehana et al.. 1996; Vargas et al.. 2001). In many 
waters, particularly drinking water supplies, the con-
centration of mutagens is generally too low for direct 
detection by the Ames and other biological assays, and a 
wide variety of methods are being used to concentrate 
mutagens from large volumes of water (Vargas et al., 
1995; Cernaetal., 1996). 
There have been a number of studies in various 
countries on the mutagenicity of drinking water and 
contents of known or suspected chlorination pnxiucts 
(lARC, 1991; Rehana et al., 1995). River water in some 
countries is consumed either directly by the people living 
along the river or indirectly after processing. However, 
the mutagenicity of original river water has received 
only little attention (Kusamran et al., 1994; Rehana et 
al., 1995. 1996; Liu et al., 1999). 
In the present study, we evaluated the genotoxic 
activity of extracted water samples from the Yamuna 
River at Okhla (Delhi) using the well-known Ames 
SalmoneHalmicTosomc assay, DNA repair-defective 
Escherichia coli K-12 mutants, and bacteriophage X 
systems. Also, an attempt was made to determine the 
level of organochlorine and organophosphorus pesti-
cides in the river water. 
2. Materials and methods 
2.1. Sample collection 
Composited water samples were collected from the 
Yamuna River at Okhla from February 1999 to 
February 2001. The samples were composited by mixing 
3 L of water collected at five different places at this 
sampling site to obtain the 15-L composite samples. A 
total of 20 water samples were collected from Okhla. 
which is located at latitude 28°3'8" North and longitude 
77" 1'2" East. River at this sampling site receives a large 
volume of domestic sewage and industrial wastes. 
Sampling was seasonal and was distributed as follows: 
summer (May-June), postmonsoon (August-Septem-
ber), and Winter (December-February). Samples were 
collected in colored glass containers approx 30 cm under 
the water surface. Fifteen-liter composite water samples 
were transferred to the laboratory as described by Singh 
et al. (1987). The time between sample collection and 
extraction did not exceed 6 h. 
2.2. Preparation of concentrated water extracts 
2.2.1. XAD extraction method 
Water samples were extracted by using XAD-4 and 
XAD-8 as described eariier (Wilcox and Williamson, 
1986; Aleem and Malik. 2003a). For the concentration 
of organic constituents, a sample of 15 L of river water 
was collected. Before concentration the water samples 
were filtered through two membrane filters (pore sizes 
8 and 0.45 ).im. Millipore filters). The adsorption of 
organic constituents on the XAD resins was carried out 
as described by Wilcox and Williamson (1986). XAD-4 
and XAD-8 were obtained from Serva GmbH (Hiedel-
berg, Germany). The adsorbed organic material was 
then eluted with 20 mL of acetone (SRL, India). This 
eluate was evaporated to dryness, and reconstituted in 
DMSO (SRL. India) such that 1 mL extract was 
equivalent to 5 L of original water. These samples were 
filter-sterilized through a 0.45-jim filter and stored at 
-20 °C until testing was completed. 
2.3. Liquid-liquid extraction method 
Organochlorine and organophosphorus pesticides 
were extracted by liquid-liquid extraction method as 
described by Singh et al. (1987). Five liters of homo-
genized water samples was shaken vigorously thrice, 
each time using 50mL w-hexane (HPLC grade. SRL. 
India) and 1 L water sample. When the solvent and 
water layers were separated, the solvent layer was 
collected in a conical flask. This hexane extract 
contained all the organochlorine pesticides. Organopho-
sphorus pesticides were extracted from the same water 
sample, which had already been extracted with hexane. 
In this water samples. 50 mL chloroform (HPLC grade. 
SRL, India) was added three times; this chloroform 
extract contained all the organophosphorus pesticides. 
The extracted organic phase was evaporated at 40'C 
under reduced pressure with the help of vacuum pump 
and made up to 1 mL. These samples were filtered 
through a 0.45-nm membrane filter before they were 
used for pesticide analysis and genotoxicity testing. 
2.4. Gas chromatographic analysis 
Analyses of the extracts were performed with a 
Hewlett Packard 5890 Series II gas chromatograph 
equipped with an electron capture detector. Instrument 
parameters and operating conditions were as follows: 
column, HPlOl (25m x 0.2 mm x 0.2^m); temperature: 
injector 250 C. detector 325 C. oven 250 "C; carrier 
gas: nitrogen with a flow rate of 60mL,'min. The peaks 
were identified by comparing their retention times with 
those of standards. 
2.5. Bacteria 
The characteristics of bacterial strains used in this 
study are listed in Table 1. The Ames strains (a kind gift 
of Professor B.N. Ames) were maintained in frozen 
stocks and grown as described by Maron and Ames 
(1983). Each strain was tested on the basis of associated 
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Table 1 
Characteristics of Salmonella typhimuriwn and Escherichia coli K-12 strains used in the study 
Strain designation Relevant genetic markers Source 
Ames strains 
TA97a 
TA98 
TAIOO 
TA102 
TA104 
E coli K.-12 strains 
AB1157 
AB2463 
AB2494 
K.L400 
K.L403 
uvrB, hlsD66J, bio, rfa, R-factor plasmid pkMlOl, frame 
shift mutation at G-C site 
uvrB, hisD3052, bio, rfa, R-factor plasmid pkMlOl, frame 
shin mutation at G-C site 
uvrB, hisG46, bio, rfa, R-factor plasmid pkMlOl, base 
pair substitution mutation at G-C site 
rfa, R-factor plasmid pkMlOl, multicopy plasmid paQI 
containing hisG428 auxotrophic marker and Tet', 
transition mutation at A-T site 
uvrB, hisG428. rfa, R-factor plasmid-pkMlOl, 
transition mutation at A-T site 
lhi-1, argES, thr-J, leuB6,proA2, hisG4, lacYI, ?', Str', 
recAJS, thi-1, argES, lhr-1, leuB6, proA2, hisG4, F", 
Str^ .1' 
lexAlS, thi-1, leuB6, proA2, hisG4, metB, lacYl, F", 
Str'. X' 
thi-I, Iex86, proC32, hisF860, Iac736, molA3S. ara-14, 
xyl-5, mll-1. slrA109, spe-15 
polAl, ara-14. Iex86, Iac2236, proC32, hisF860. nyAS4, 
RspE2ll5, rsp2109, malA38, xyl-5, mll-l 
Ames, B.N., Department of Molecular & Cell Biology, 
University of CaHfomia 
Ames, B.N. 
Ames, B.N. 
Ames, B.N. 
Ames, B.N. 
Berlyn, M.K.B. E. coli Genetic Stock Center, MCD 
Biology Department, Yale University, New Haven, CT 
Berlyn, M.K.B 
Berlyn, M.K.B 
Berlyn, M.K.B 
Berlyn, M.K.B 
genetic markers and was raised it from a single colony 
from the master plate. 
2.6. Media 
The media for the Ames tester strains were essentially 
the same as described by Maron and Ames (1983). The 
bacterial strains of E. coli K-12 were always plated on 
nutrient broth containing 1.5% (w/v) agar (Hi-Media). 
Nutrient broth contained (per liter) peptone 5g, beef 
extract 1.5 g, yeast extract 1.5g, sodium chloride 5g (all 
from Hi-Media, India). 
2.7. Ames mutagenicity testing 
The preincubation test was performed as described by 
Maron and Ames (1983) with some modifications 
(Pagano and Zeiger, 1992). Five doses of each water 
extract (XAD-concentrated: 1, 5, 10, 20, and 40 nL/ 
plate; liquid-liquid extracted: 5, 10, 20, 50, and 100 ^ L/ 
plate) were plated in duplicate with 0.1 mL bacterial 
culture. After the test sample and bacterial culture were 
incubated for 20-30min at 37°C, 2.0mL top agar 
containing traces of growth factors (histidine and biotin) 
were added and contents were poured onto minimal 
glucose agar plates. Plates were incubated at 37 °C for 
48-72 h. Negative and positive controls were included in 
each assay. The negative plates had bacteria and solvent 
(DMSO) but no test samples. Methyl methanesulfonate 
and sodium azide were used as positive control. All the 
water extracts were also tested in the presence of 20nL 
S9 microsomal fraction per plate. The criteria used to 
classify the results as positive were similar to those of 
Vargas et al. (1993, 1995), i.e., number of revertants 
double the spontaneous yields accompanied by a 
reproducible dose-response curve. The mutagenic in-
dex = the number of his* revertants induced in the 
sample/the number of spontaneous his * revertants in 
the negative control (Vargas et al., 1995). 
2.8. Treatment of E. coli K-12 strains with XAD-
concentrated and liquid-liquid-extracted water samples 
The SOS-defective recA, lex A, and polA mutants 
of E. coli K-12, as well as the isogenic wild-type 
strains, were treated with the test samples as described 
by Aleem and Malik (2003a, b). The SOS-defective recA, 
lex A, and polA mutants of E. coli K-12, as well as 
the isogenic wild-type strains, were harvested by 
centrifugation from exponentially growing cultures 
(1-3x10^ viable counts/mL). The pellets so obtained 
were suspended in 0.01 M MgS04 solution and treated 
with 20 nL of XAD-concentrated and liquid-liquid-
extracted water samples separately. Samples were with-
drawn at regular intervals, suitably diluted, and plated 
to assay colony-forming ability. Plates were incubated 
overnight at 37 °C. A solvent control was also run 
simultaneously. 
A. Ahem, A. Malik / Ecotoxicohgy and Envit l / ft/r iCfl(U( LtUfKiy • 1 • 
2.9. ExtracelluUn treatment of bacteriophage k with the 
test samples 
Purified bacteriophage /. (lO'^PFU/mLj was incu-
bated at 37 C with 20nL mL test samples as described 
earlier (Aieem and Ma/ik. 2003a, bj. Aiiquots of 0.1 mL 
were withdrawn at regular intervals, suitably diluted in 
0.01 M .V!gS04 solution. pH 8.0. and allowed to adsorb 
on D.N ,A repair-defective and wild-type hosts of E. coli 
K-12 strains at 37 °C. The infective centers were plated 
on nutrient agar by a double-layer method. Plaques 
were coanted after overnight incubation at 37 "C. 
3. Results 
The average concentrations of organochlorine and 
organophosphorus pesticides are listed in Table 2. GC 
analysis of the water samples by the liquid-liquid 
extraction procedure demonstrated the presence of some 
pesticides such as BHC, DDT, endosulfan, dieldrin, 2,4-
D, and aldrin at 25. 14. 114, 2.1, 0.6. and 0.9ng/L. 
respectively. Of the four metabolites of DDT, o.p'-DDT 
was not detected, and 8.8 ng p,p'-DDTIL was the 
maxin>uri concentration in water samples. The organo 
phosp'i,)rus pesticides dimethoatc, methyl parathion, 
and !na/a(hion were detected at Jcvels of 0.9, 1.7, and 
1.9 ng L. respectively. 
Table 3 summarizes the reversion of Salmonella 
typhimurium strains with ttie XAD-concentrated water 
samples. It was observed that the test sample displayed 
the maximum response with the TA98 strain in the 
absence of the S9 fraction. The reversion property 
displayed an increasing trend up to 10(.iL/plate and 
declined iharply at 40 ^ L plate. When the tester strains 
were challenged with XAD concentrate in the presence 
Table 2 
Pesticidi; Residues in the Yamuna River water at Okhia 
Pesticide 
Organochlorines 
T-BHC 
T-endosulfan 
p. / -DDE 
p. / -DDT 
0, / -DDE 
o. / -DDT 
Dieldrin 
Aldrin 
2,4-D 
Organophosphorus 
Dimelhoate 
Methyl parathion 
Malathion 
Concentration (ngL) 
25 + 6.2* 
114±19.8 
).6±0.26 
8.S +1.9 
J.'JtO.&ft 
ND"" 
2.1 ±0.34 
0.9 ±0.06 
0.6 ±0.02 
0.9+0.08 
1.7±0.65 
1.9±0.72 
'Mean±SD. 
''ND. not detected. 
of S9 fraction there was an increase in the number of 
revertant colonies. At higher doses of the samples, the 
toxicity was also exhibited by most of the tester strains. 
The strains could be listed in order of their responsive-
ness with and without metabolic activation as follows-
TA98>TA97a>TA100>TA104>TA102. 
Reversion of the Ames tester strains with liquid-
liquid-extracted water samples is summarized in Table 4. 
Here again the trend was almost similar, although the 
number of revertants was undoubtedly lower than that 
for the XAD concentrates. The revertants scored per 
plate for strains TA98 and TA97a were found to be high 
at low doses, i.e., 5-20 nL/plate. Strains TA102 and 
TA104 exhibited a weak response even at relatively 
higher doses. 
Table 5 lists the net revertants per liter of XAD-
concentrated and liquid-ljquid-extracted water samples 
in the presence as well as in the absence of S9 fraction 
for the most responsive strains, TA98 and TA97a. These 
strains exhibited the maximum mutagenic activity, with 
2496 and 2376 net revertanfs/L of water, respectively, 
when treated with liquid-liquid extracts in the absence 
of S9 fraction. On the other hand. XAD-concentrated 
water samples resulted in significant mutagenic re-
sponses with TA98 (12,912 revenants/L) and TA97a 
(10,000 revertants/L) strains in the absence of S9 
fraction. The mutagenic activity was markedly enhanced 
in the presence of S9 fraction when treated with XAD-
concentrated water samples. 
The survival pattern of recA. lexA. and pal A mutants 
in the presence of extracted water (XAD-concentrated 
and liquid-liquid-extracted) samples is shown in Fig, 1. 
The damage brought about in the cell in the presence of 
XAD concentrate was found to be markedly high as 
compared with that caused by liquid-liquid water 
extracts at the dose of 20jiL/mL of culture. All of 
the mutants invariably exhibited a .significant decline 
in their colony-forming units (CPUs) as compared 
with their isogenic wild-type counterparts. The lexA 
and polA mutants were found to be the most sensitive 
strains. The polA mutant also exhibited a significant 
decline in CPUs as compared with its isogenic wild-type 
counterparts. 
Extracellular treatment of bacteriophage A with the 
test water (XAD-concentrated and hquid-liquid-ex-
tracted) samples is shown in Fig. 2. Test water samples 
resulted in significant loss of plaque-forming units 
(FPUs) at the dose of 20}iL/mL. The decline was more 
pronounced in lexA mutants in the presence of XAD 
concentrates than liquid-liquid-extracted water samples. 
Survival was 30.3% for the lexA strain after 6h of 
treatment with liquid-iiquid-extracted water samples 
and was only 18.4% in the case of XAD-concentrated 
water samples. The recA mutant also exhibited a decline 
in PFUs as compared with its isogenic wild-type 
counterparts. 
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Table 3 
Reversion of Salmonella tester strains in the presence of XAD-concentrated water samples 
Strain designation 
TA97a 
TA98 
TAIOO 
TA102 
TA104 
S9 fraction* 
_ 
+ 
-
+ 
-
+ 
-
+ 
-
+ 
Control 
98±ll'' 
I02±9 
32 + 6 
37 + 5 
163±15 
197+13 
259±18 
311±24 
320 ±38 
335±25 
Water extracts (^ 1/plate) 
1 
223 ±11'' 
(2 2) 
275±15 
(2 6) 
222 + 7 
(6 9) 
237 ±16 
(6 4) 
252 ±37 
(15) 
310±21 
(15) 
301 ±31 
(1 1) 
376±I9 
(12) 
408±I8 
(12) 
434±19 
(12) 
5 
369±18 
(3 7) 
480 ±24 
(4 7) 
385±11 
(12 0) 
439 ±19 
(118) 
350±19 
(21) 
461 ±27 
(2 3) 
368±17 
(14) 
503 ±27 
(16) 
479 ±24 
(14) 
551+30 
(16) 
10 
502 ±24 
(5 1) 
565±17 
(5 5) 
522 + 26 
(16 3) 
610±46 
(164) 
437 ±45 
(2 6) 
520 ±30 
(2 6) 
453 ±28 
(17) 
513 + 22 
(16) 
547 + 34 
(17) 
641+43 
(19) 
20 
415±35 
(4 2) 
543 ±34 
(5 3) 
442 ±33 
(13 8) 
535 ±40 
(14 4) 
379 ±23 
(2 3) 
501 ±36 
(2 5) 
409 ±30 
(15) 
515±25 
(16) 
540 + 27 
(16) 
660 ±28 
(19) 
40 
408±18 
(4 1) 
502 ±42 
(4 9) 
349+19 
(10 9) 
513±27 
(13 8) 
347 ±24 
(2 1) 
424±11 
(2 1) 
362±13 
(13) 
509±14 
(16) 
456 ±39 
(14) 
586 + 36 
(17) 
Mutagenic index = number of his* revertanls induced m the sample/number of spontaneous his* revertants in the negative control 
'S9 fraction liver microsomal fraction, - , in the absence of S9, + in the presence of S9 
""Mean+SD number ofhistidine revertants (mutagenic index) 
Table 4 
Reversion of Salmonella tester strains m the presence of liquid-bquid-extracted water samples 
Strain designation 
TA97a 
TA98 
TAIOO 
TA102 
TA104 
S9 fraction* 
_ 
+ 
-
+ 
-
+ 
-
+ 
-
+ 
Control 
102±6'' 
n7±6 
39±6 
42±4 
177±10 
189±I3 
238±16 
256 ±23 
310±19 
329 ±24 
Water extract (^L/plate) 
5 
152±10'' 
(14) 
1 8 9 ± l l 
(16) 
105±9 
(2 6) 
I00±9 
(2 3) 
202 ±7 
(II) 
229±16 
(12) 
24«±12 
(10) 
280±16 
(10) 
322 ±22 
(10) 
336±15 
(10) 
ID 
269±18 
(2 6) 
275 ±14 
(2 3) 
167 ±8 
(4 2) 
193±19 
(4 5) 
295 ±21 
(16) 
298 ±12 
(15) 
309±28 
(12) 
379 ±42 
(14) 
406 ±36 
(13) 
416±22 
(12) 
20 
302±11 
(2 9) 
308 ±7 
(2 6) 
283 ±12 
(7 2) 
254±18 
(6 0) 
357 ±31 
(2 0) 
314±28 
(16) 
388 ±19 
(16) 
506 + 38 
(19) 
435±19 
(14) 
429±31 
(13) 
50 
300±11 
(2 9) 
279±I4 
(2 3) 
264±15 
(6 7) 
239±14 
(5 6) 
352 ±18 
(19) 
292 ±7 
(15) 
365 ±10 
(15) 
397±13 
(15) 
410±35 
(1 3) 
410±26 
(12) 
100 
282±17 
(2 7) 
267 ±10 
(2 2) 
239±12 
(6 1) 
205±17 
(4 8) 
329 ±23 
(1 8) 
283±18 
(14) 
314±30 
(13) 
372 ±26 
(1 4) 
404+19 
(13) 
372±14 
(1 I) 
Mutagenic index = number of his* revertants induced m the sample/number of spontaneous his* revertants in the negative control 
*S9 fraction, liver microsomal fraction, —, m the absence of S9, +, in the presence of 89 
''Mean ±SD number ofhistidine revertants (mutagenic index) 
A Aletm A Malik / Ecotoxiculnyi am! Environmental Safet\ I 1^111/ lll-IH 
Table < 
\luU2en.c1iv of '\.\Xcs samples (Okhia sampling site) in terms of net 
re\ertant« per liter for the most responsixe TA97a and TA98 strains 
Sample 
Liquid I'tjUid-
eitractei; \Kdter 
».imple> 
\ A D -
concenirated 
water »,: :jpL-s 
Stnin 
designation 
TA97a 
TA98 
TA97a 
TA98 
S9 fraction' 
-
+ 
+ 
-
+ 
+ 
Net reverlanls, L 
2376 
2399 
2496 
2399 
10,000 
I2 6S7 
12.912 
14.68 7 
''S9 fraction li\er microsomal fraction; - , in the absence of S9, + , in 
the presence of S9 
4. Discussion 
A number of analytical methods have been extensively 
used to identify the organic contaminants of polluted 
water (Van Nehring et al., 1986; Betowski and Jones. 
1988). These contaminants consist of both natural and 
synthetic compounds (Ahmad et al., 1987). .Most of the 
genotoxic organic compounds can be considered poten-
tial target analytes in a broad spectrum of analytical 
methods (Thomas and William, 1988). 
Analysis of the test samples revealed that the levels of 
almost all the OC and OP pesticides in the water were 
above the maximum permissible limits (WHO. 1985). 
When compared with those available from neighbonng 
areas, the levels of pesticide contamination recorded in 
the present investigation were lower than the levels 
reported by .Agarwal et al. (1986) m the Yamuna River. 
Delhi (India), by Bakre et al. (1990) in the Mahala water 
reservoir, Jaipur, and by Nayak et al. (1995) and 
Rehana et al. (1996) in the Ganges River water. Okhla 
IS densely populated along the banks of the river. There 
IS possibly a slight contribution to pesticide levels from 
agricultural runoff. It is very likely that these con-
taminants were introduced into the river through 
municipal/domestic wastewater from residential settle-
ments and industrial plants. It is to be noted that usage 
of DDT and dieldrin has been banned for agnculture m 
India However, DDT is being used for malaria control. 
The government of India has also banned the use of 
aldnn from 1994. However, unless the environmental 
residue level is monitored continuously, illegal usage 
cannot be detected and prevented. Further, environ-
mental residue levels have to be monitored because the 
chemicals and their metabolites are expected to remain 
in the system for many more years. 
Fig. 1 SurMval of £ coU K-12 strains exposed to (a) XAD-
concentrated and (b) Iiquid-liquid-exlracted water samples <"', Wild-
type \recA'. le\A'). '. recA. • , kxA, Q). polA'. k,polA' 
The present study indicated an increase in the number 
of revertant colonies with one or more Ames tester 
strains in the presence of test samples. Other workers 
have also reported mutagenic activity of surface and 
drinking water samples (Kusamran et a!., 1994; Rehana 
et al. 1995. 1996: Liu et al.. 1999). Our results with 
XAD-concentrated water revealed an increase m the 
number of revertant colonies with one or more Ames 
tester strains. It was observed that the test sample 
displayed the maximum response with TA98 strain 
followed by TA97a and TAIOO strains, in both the 
presence and the absence of S9 fraction. Sakamoto and 
Hayatsu (1990) also reported the maximum mutagenic 
response in the TA98 strain with riverine pollutants. 
Filipic (1995) extracted water samples with XAD-2 
resins from the Sora River and tested for mutagenicity 
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Fig. 2. Survival of extracellularly treated bacteriophage i. with (a) 
XAD-concentrated and (b) liquid-liquid extracted water samples. O, 
Wild-type {recA" .lexA*): *, recA; • , lex A. 
with a modified Ames test. He also found maximum 
mutagenicity with the TA98 strain in both the presence 
and the absence of S9 fraction. Several workers have 
also tested the mutagenicity of water samples extracted 
by XAD resins, blue rayon, and blue chitin (Filipic, 
1995; Vargas et al., 1995; Rehana et al., 1996; Sakamoto 
et al.. 1996; White and Rasmussen, 1998), and they 
reported that the test samples were mutagenic with one 
or more of the Ames tester strains. Our results for XAD-
concentrated water samples also indicate a marked level 
of mutagenicity with other tester strains. This may be 
due largely to the contamination of river water with 
domestic and industrial wastewater at this sampling site. 
Malik and Ahmad (1995) screened raw wastewater 
samples comprising both domestic and industrial waste 
and demonstrated significant mutagenic activity with 
Ames tester strains. Our earlier study on the genotoxi-
city of Yamuna River water at the other she also 
support the present findings to a large extent (Aleem and 
Malik, 2003a). Recently, Aleem and Malik (2003 b) 
reported that agricukural soil irrigated with wastewater 
coming from both industrial and domestic sources, m 
the vicinity of Aligarh City (India), contained certaui 
genotoxic agents that are capable of inducing mutations. 
We found a higher level of mutagenic response when 
the water samples were extracted with XAD resins than 
by the liquid-liquid extraction procedure (Tables 3 and 
4). Adsorption on XAD resins could be very specific for 
the isolation of mutagenic substances from water 
samples (Yamasaki and Ames, 1977; Kool et a l . 
1981). Among the 400 pesticides preparations stuaied 
for mutagenic activity, half were found to be mutagenic 
in one or more of the test systems (Kurrinj, 1984). Ruiz 
and Marzin (1997) tested six pesticides for their 
genotoxicity using the Ames Salmonella mutagenicity 
and SOS chromotest. They found that all the pesticides 
were genotoxic. 
In the present study, mutagenic responses of the 
hquid-liquid-extracted water samples may not necessa-
rily reflect the mutagenicity of existing pesticides in the 
test water because some other organic pollutants might 
also accompany the pesticides in the extract. A similar 
pattern with respect to the responsiveness of the tester 
strains was reported by Rehana et al. (1995) for Ganges 
River water. Significantly enough, presence of the S9 
fraction exerted an inhibitory effect on the appearance 
of histidine revertants when treated with liquid-liquid 
extracts (present study; Aleem and Malik, 2003a). 
The difference in results between XAD and liquid-
liquid extraction methods may be due to the fact that the 
polystyrene-based XAD resins, which are nonpolar 
copolymers of styrene-divinylbenzene. can trap organic 
compounds in general (Junk et al., 1974). Therefore, 
most mutagens are expected to be effectively concen-
trated by the use of XAD resins. However, liquid-liquid 
extraction concentrates mostly pesticides (Singh et al.. 
1987). McGeorge et al. (1983), Meier (1988), and Vargas 
et al. (1995) concentrated water samples by liquid-liquid 
extraction and found that volatile substances are lost 
during sample evaporation. However, Vargas et al. 
(1995) reported that samples that were positive in the 
Salmonella assay by the direct concentration method 
lost this activity after liquid-liquid extraction. This 
difference was related to the loss of substances that 
volatilize during the extraction process, and their study 
of volatile product concentrates confirmed the role of 
these compounds in inducing the activity present in 
some samples. Dutka and Switzer-House (1978) also 
observed a loss of mutagenicity due to base pair 
substitution in samples submitted to evaporation under 
vacuum at 44 °C and related this fact to the presence of 
substances that volatilize and suffer degradation at this 
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temp;;rature. This treatment is also ineffective for the 
extraction of polar genotoxins, and the substances used 
during extraction may introduce modifications in 
sample composition, generating some genotoxicity 
(Stahl. 1991). However, it has the advantage of 
providing a qualitative estimate of the classes of organic 
compounds responsible for genotoxic activity by analy-
sis of samples fractionated into substances with acid, 
basic, and neutral affinity (Dutka et al., 1981; Stahl. 
1991). These results agree with the evidence observed in 
the present study that the loss of sample mutagenicity 
after liquid-liquid extraction may be related to the 
elimination of these chemical products during treatment 
(McGeorge et al., 1983; Meier, 1988; Vargas et al.. 
1995). 
The survival pattern oirecA, lexA, and polA mutants 
of £. coli in the presence of XAD-concentrated and 
liquid-liquid-extracted water samples is shown in Fig. 1. 
It is postulated that the inducible error-prone repair 
pathway presumably involving the recA and lexA genes 
could potentially operate on several types of lesions in 
DNA. whether produced by radiation, environmental 
chemicals, or other agents (Walker, 1985; Strauss, 1989. 
Malik and Ahmad, 1995; Rchana et al., 1996; Aleem 
and .Malik, 2003a,b). Bourbigot et al. (1986) and 
Rchana et al. (1996) demonstrated the ability of the 
water concentrates to induce the SOS response by means 
of DN.A damage in E. coli cells. The recA, lexA, and 
polA mutants of E. coli were found to be sensitive to the 
test samples, suggesting damage to the DNA of exposed 
cells as well as a role for recA *, lexA ^ and polA * genes 
in coping with the hazardous effect of pollutants. Aleem 
and Malik (2003a) tested the water extracts of the 
Yamui': River at another site and demonstrated a 
signific. rit decline in the survival of DNA repair-
defective E. coli K-12 mutants as compared with their 
isogenic wild type counterparts. In the earlier study a 
control water sample (less polluted) was also collected 
from the same river before it enters the major cities of 
India and tested for genotoxic potential to compare with 
the test sampling stations to obtain estimates of the 
levels of genotoxicants at different sites of the Yamuna 
River (Aleem and Malik, 2003a). Umbuzeiro et al. 
(2001) proposed boundaries of mutagenic activity for 
natural water samples as low (up to 500 revertants per 
equivalent liter), moderate (500-2500 revertants per 
equivalent liter), and high (2500-5000 revertants per 
equivalent liter). Houk (1992), in her classification of 
industrial wastes and effluents, stated that more than 
5000 revertants per equivalent liter (TA98) should be 
categorized as extremely mutagenic. Comparing our 
data with their criteria, we found that the XAD-
concentrated water samples of downstream sites were 
significantly mutagenic with tester strains TA98 and 
TA97a (Table 3), while liquid-Uquid-extracted water 
samples were moderately mutagenic (Table 4). Control 
water samples (XAD-concentrated) were slightly muta-
genic with the TA97a strain (418 revertants/L) (Aleem 
and Malik, 2003a). 
Extracellular treatment of bacteriophage X with 
concentrated water samples resulted in significant loss 
of PFUs. Vargas et al. (1995) demonstrated that the 
liquid-liquid-extracted water samples were found to be 
mutagenic in the Ames Salmonella assay. They further 
screened the liquid-liquid-extracted water samples for 
their genotoxicity by microphage induction assay and 
proved that it is a good screening assay for genotoxic 
compounds present in small concentrations in environ-
mental samples. Houk and DeMarini (1987) also 
reported that prophage induction may be useful for 
screening hazardous wastes, many of which contain 
chlorinated organics and carcinogenic solvents and 
metals that are refractory in the Salmonella assay. 
Another study specifically indicated the genotoxicity of 
endosulfan, a constituent pesticide in our samples in 
Ames Salmonella, DNA repair-deficient strains of £. coli 
K-12 and prophage lambda induction assays in WP2s 
(Chaudhuri et al., 1999). 
Mutagenicity assessment of Yamuna River water 
demonstrated that it has been polluted by a mixture of 
genotoxins with both bacterial mutagenic and genotoxic 
effects (present study; Aleem and Malik, 2003a). These 
findings clearly indicate that the test samples preferen-
tially act on G-C base pair mutants as compared with 
A-T base pair mutants and also initiate the inducible 
error-prone SOS response within the water extract-
treated E. coli mutants. 
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ABSTRACT: Water samples were collected from the River Yamuna at Mathura, India, and concentrated 
by using XAD resins (Amberlite XAD-4 and XAD-8) and liquid-liquid extraction procedures. The genotox-
Icities of the extracted water samples were evaluated by the Ames Sa/mone//a/mammalian microsome 
test, DNA repair of defective mutants, and bacteriophage K systems. The results of the Salmonella test 
demonstrated that the XAD-concentrated water samples had maximum mutagenicity with the TA98 strain, 
both with and without metabolic activation. The XAD-concentrated water samples collected in the 
summer showed maximum mutagenic responses compared with those collected in other seasons, 
whereas the liquid-liquid extracted samples exhibited maximum mutagenic activity during the postmon-
soon season. The damage brought about during DNA repair of defective mutants in the presence of 
XAD-concentrated water samples was found to be remarkably high compared with the liquid-liquid 
extracted water samples at a dose level of 20 fiUmt of culture. Alt the mutants invariably exhibited 
significant decline in their colony-forming units compared with their isogenic wild-type counterparts. 
Survival was decreased by 86.7% and 65.1% in the polA~ strain after 6 h of treatment with XAD-
concentrated and liquid-liquid extracted water samples, respectively. A significant decrease in the 
survival of bacteriophage A was also observed when treated with test samples. The damage was more 
pronounced in lexA mutants when the phage was treated with XAD-concentrated samples. The recA, 
lexA, and po/A mutants of £ coll K-12 were found to be sensitive to the test samples, suggesting damage 
to the DNA of exposed cells as well as to the role of rscA*. lexA*, and polA* genes in coping with the 
hazardous effect of the pollutants. The results demonstrated sut^ stantial genotoxicity and mutagenicity in 
the water samples tested. C 2003 Wiley Periodicals, Inc. Environ Toxicol 18: 69-77, 2003. 
Keywords: genotoxicity; river water; Sa/mone//a/mammalian microsome test; DNA repair defective mu-
tants; bacteriophage A 
INTRODUCTION 
Water pollution by organic micropollutants is a critical 
problem for drinking water resources and environmental 
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protection of water bodies. It is extremely difficult to quan-
tify the risk associated with xenobioiics in general because 
they usually occur in concentrations too low to allow for 
analytical determination (Filipic, 1995). 
The River Yamuna is one of the heavily polluted rivers 
in India. Pollutants flowing into the river come from the 
waste of the cities situated along its bank. The River 
Yamuna passes through Delhi, the capital of India, where it 
receives large volumes of domestic and industrial effluents. 
The water quality becomes even more polluted with the 
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additional pollution at Mathura, a city 135 km from Delhi, 
as v^ e^ll as that at Agra, the city of the Taj Mahal Both these 
cities indiscriminately pour into tne river their domesiic and 
industrial wastes, which are partially treated or altogether 
untreated (Ajmal et a l , 1985) In addition, at Mathura, on 
the bank of the Yamuna, an oil refinery was constructed in 
1980 It discharges 16000 m' of effluent per day in a dram 
leading toward the Yamuna after basic treatment, therefore 
al«o contnbuting to the detenoration of the quality of the 
nver water (Aziz et al, 1994) 
The methods commonly used to concentrate water sam-
ple^ (liquid-liquid extraction and elution with resins) are 
equanv efficient for the extraction of nonvolatile and or-
ganic mutagenic compounds (White and Rasmussen, 1998) 
The extraction of volatile compounds and the biological 
assays for their evaluation require special methods (Mc-
George et al, 1983, Vargas et al , 1995, Sakamoto et al , 
199o"ciaxtonetal, 1998) 
The use of biotesting has proven essential in investigat-
ing the presence of genotoxic activity in the natural envi-
ronment Mutation m bactena has been widely used as a test 
system to detect genotoxicants Progress m genetic toxicol-
ogy has led to the development of several bacterial short-
term tests for detecting genotoxic agents (Hofnung and 
QuiiUrdet, 1986) The development of genetically modified 
strains of microorganisms, particularly for genes coding for 
amino acid biosynthesis, was the most important factor in 
the history of genetic toxicology This coupled with an in 
\itiG metabolic activation system has provided a successful 
test to determine potentially heritable or carcinogenic risks 
of new chemical compounds (Meier and Daniel, 1990) 
There have been a number of studies in various countries 
on tr 1 mutagenicity of drinking water and on the contents of 
knou'i and suspected chlorinated byproducts (lARC, 1991, 
Rehana et al, 1995) River water in some countries is either 
directly consumed by the people living along the nver or 
used through a procedure for treating and distributing the 
drinking water supply However, the mutagenicity of the 
original river water has received only little attention 
(Kusamran et al, 1994, Rehana et al, 1995, 1996, Liu et al, 
1999) 
In the present study we evaluated the genotoxic activity 
of extracted water samples from the River Yamuna using 
the Sa/mone//fl/mammalian microsome lest, DNA repair 
defective E coli K-12 mutants, and bacteriophage A sys-
tems 
MATERIALS AND METHODS 
Sample Collection 
Water samples were collected tnannually (three times m 
each season) from the River Yamuna at Mathura from 
February 1999 to March 2001 Mathura is located at latitude 
27°2'8" north and longitude 77°4 ' r east The nver at this 
sampling site receives a largs volume of domestic sewage 
and industrial wastes Control water samples (less polluted) 
were also collected from upstream of the same river before 
It enters the major cities of India, about 350 km from the 
mam sampling site The control water samples were col 
lected three times during the summer from Sarsawa (Sahar 
anpur) U P , India, as described for the test water samples 
The seasons in the year were defined as follows summer 
(Ma>-June), postmonsoon (August-September), and winter 
(December-February) Samples were collected in colored-
glass containers approximately 30 cm under the water sur-
face About 15-20 L of water as collected and transferred to 
the laboratory, as described in ITRC Manual No I (Singh el 
al, 1987) The time between sample collection and extrac-
tion did not exceed 8 h 
Preparation of Concentrated Water Extracts 
XAD-Extraction Method 
For ihe concentration of organic constituents, a sample of 
15-20 L ot river water was collected Before concentration 
the water samples were filtered through two membrane 
filters (Millipore filters with pore size of 8 /nm and 0 45 
jLim) The adsorption of organic constituents on the XAD 
resins was carried out as descnbed by Wilcox and William-
son (1986) Amberlite XAD-4 and XAD-8 were obtained 
from Serva GmbH (Heidelberg, Germany) A mixture of 
equal parts XAD-4 and XAD-8 was used as described by 
Kool et al (1981) The adsorbed organic material was then 
eluted with 20 mL of acetone (SRL, India) This eluate was 
evaporated to dryness and reconstituted in DMSO (SRL 
India) such that 1 mL of extract was equivalent to 5 L of the 
original water These samples were filtered and sterilized 
through 045-^m filters and stored at —20°C until testing 
was completed 
Liquid-Liquid Extraction Method 
Organochlonne and organophosphorus pesticides were ex-
tracted by the liquid-liquid extraction method as descnbed 
in ITRC manual No I (Singh et al , 1987) Five liters of the 
homogenized water sample was shaken vigorously three 
times, each time using 50 mL of/i-hexane (SRL, India) and 
I L of the water sample When the solvent and water layers 
were separated, the solvent layer was collected m a conical 
flask This hexane extract contained the organochlonne 
pesticides Organophosphorous pesticides were extracted 
from the same water sample, which had already been ex 
tracted with hexane In these water samples, 50 mL of 
chloroform (HPLC grade, SRL, India) was added three 
times This chloroform extract contained the organophos-
phorous pesticides TTie extracted organic phase was evap-
orated at 40°C under reduced pressure with the help of 
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vacuum pump and made up to 1 mL These samples were 
filtered through a 0 45-pi.m membrane filter before they were 
used for genotoxicity testmg 
Bacteria 
The Salmonella strams (a kmd gift of Professor B N Ames) 
were mamtamed m frozen stocks and grown as descnbed by 
Maron and Ames (1983) Each stram was tested on the basis 
of associated genetic markers, raismg it from a single col-
ony from the master plate (Maron and Ames, 1983) The 
bacterial strains of E coli K-12 were obtained from B J 
Barbara (£ coh Genetic Stock Centre, Department of Bi-
ology, Yale University, New Haven, CT USA) They were 
always plated on nutrient broth containing 1 5% (w/v) agar 
(Hi Media, India) 
Salmonella Mutagenicity Testing 
The preincubation test was performed as described by 
Maron and Ames (1983) with some modifications (Pagano 
and Zeiger, 1992) Five doses of each water extract were 
plated in duplicate with 0 I mL of the bacterial culture 
After incubatmg the test sample and bacterial culture for 30 
mm at 37°C, 3 0 mL of top agar containing traces of 
histidine and biotin was added, and the contents were 
poured on mimmal-glucose agar plates Plates were incu-
bated at 37°C for 48-72 h Negative and positive controls 
were included in each assay The negative plates had bac-
tena and solvent (DMSO) but no test sample Methyl meth-
ane sulfonate and sodium azide were used as positive con-
trols All the water extracts were also tested in the presence 
of (+S9) microsomal fraction, to which 20 /xL of S9 liver 
homogenate mix per plate was added The cntena used to 
classify the results as positive was similar to those of Vargas 
et al (1993, 1995), that is, number of revertants doubles the 
spontaneous yields accompanied by a reproducible dose-
response curve 
Treatment of £. coli K-12 Strains with XAD-
Concentrated and Liquid-Liquid Extracted 
Water Samples 
The SOS defective recA, lexA, and polA mutants of E colt 
K-12 as well as the isogenic wild-type strains were har-
vested by centnfugation from an exponentially growing 
culture (1-3 X 10* viable counts/mL) The pellets so ob-
tained were suspended in OOIM MgSO^ solution and 
treated with 20 fiL of XAD-concentrated and liquid-liquid 
extracted water samples separately Samples were with-
drawn at regular intervals, suitably diluted, and plated to 
assay colony-forming ability Plates were incubated over-
night at 37°C The solvent control was also run simulta-
neously 
Extracellular Treatment of Bacteriophage A 
with the Test Samples 
Purified bacteriophage K (10'° PFU/mL) was incubated at 
37°C with 20 ^L/mL of the test samples Aliquots of 0 1 
mL were withdrawn at regular intervals, suitably diluted in 
a 0 01M MgS04 solution (pH 8 0), and allowed to adsorb on 
DNA repair defective and wild-type hosts of £ coli K-12 
strains at 37°C The infective centers were plated on nutri-
ent agar by the double-layer method The plaques were 
counted after overnight incubation at 37°C 
RESULTS 
Reversion of Salmonella Tester Strains in the 
Presence of Water Extracts 
The his* reversion pattern of the Salmonella tester strains in 
the presence of XAD-concentrated water samples in differ-
ent seasons are presented in Table I The maximum muta-
genic activity of the XAD-concentrated water samples was 
observed m the summer for all tester strains The order of 
mutagenic response by season to the tester strams of the 
water samples collected was 
Summer > Postmonsoon > Winter 
Test samples exhibited maximum mutagenicity with 
TA98 strain at a dose level of 10 (lUplats in the absence of 
S9 fraction in all seasons The reversion property that dis-
played an increasing trend up to a dose level of 10 pL/plate 
declined sharply at concentration of 40 juiyplate Test 
strains TA102 and TA104 were least responsive with the 
test samples m all seasons When the tester strains were 
challenged with XAD concentrate in the presence of S9 
fraction, there was an increase in the number of revertant 
colonies At higher doses of the samples, the toxicity was 
also exhibited by most of the Salmonella strains The strains 
could be sequenced in order of their responsiveness with 
and without metabolic activation as follows 
TA98 > TA97a > TAIOO > TA104 > TA102 
Table II shows the reversion of the Salmonella typhi 
murium tester strains with liquid-liquid extracted water 
samples Maximum mutagenic activity was exhibited by the 
water samples in the postmonsoon season when extracted 
with liquid-Iiquid method compared with other seasons 
Sensitivity of the water samples collected by season was as 
follows 
Postmonsoon > Summer > Winter 
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TABLE I. Reversion of Salmonella tester strains in the presence of XAD-concentrated water samples 
Strain 
T A 9 7 J 
TA';*S 
TAIU) 
TA.t' ' 
TAi 
TA9". 
TAS'!' 
TAI 00 
TAlu: 
TAI 04 
SedAons 
Summer 
Poilmomoon 
Winter 
Summer 
Poslmonsoon 
Winter 
Summer 
PoAt monsoon 
Winter 
Summer 
Poslmonsoon 
Winter 
Summer 
Poslmonsoon 
Winter 
Ktvur water 
(control) 
S9 
-
+ 
-
+ 
-
+ 
-
+ 
-
+ 
-
+ 
-
+ 
-
+ 
-
+ 
-
+ 
-
+ 
-
+ 
-
+ 
-
+ 
-
+ 
-
+ 
-
+ 
-
+ 
-
+ 
-
+ 
Spontaneous 
Reversion 
8 0 i 5 6 
8 4 * 3 2 
9 8 * 15.8 
i02 ± 22.5 
108 ± 12.5 
9 0 ± 170 
36 ± 10 2 
35 i 5 3 
3 8 i 2 ^ 
39 £ 5 0 
3 6 * 2 0 
3 9 * 3 6 
160 2: 126 
171 * 9 0 
154 * 18.4 
I86£ II 6 
153 ± 5 2 
185 ± 1 0 2 
264 * 20 5 
271 ± 2 6 2 
240 * 32.0 
259 ± 18 6 
242 * 19.6 
249 ± 140 
292 ± 9 2 
317 ± 1! 5 
290 ± 17 2 
317 ± 146 
292 * 12 0 
325 * 8 2 
89 ± 26 0 
100 ± 15 8 
40 ± 7 9 
48 ± 2 6 
132 ± 7 0 
138 ± 6 5 
254 ± 36 5 
246 ± 46 2 
321 ± 9 0 
330 ± 1 1 0 
10 
228 ± 5 2 (2 8) 
233 ± 9.3 (2.7) 
232 ± 7 . 0 (2 3) 
241 * 112(2 3) 
206 ± 3 5 (19) 
2 2 8 * 6 9 (2 5) 
224 ± 8 2 (6 2) 
232 ± 30 5 (6 5) 
209 ± 11 5(5.9) 
232 ±21 5 (5 9) 
200 ± 100(5 5) 
219 ± 11 2(5 6) 
263 ±5 .6 (1.6) 
291 ± 122(1 7) 
251 ± 6 9 (16) 
263 ± 8 4 (14) 
230 ± 3 5 (15) 
231 ± 164(1 2) 
326 ± 8 5 (12) 
3 4 0 * 170(1 2) 
286 ± 12 5(1 1) 
275 ± 2 3 0(10) 
266*8 .5 (10) 
274 ± 19 2(1 1) 
3 6 0 ± 5 2 (12) 
384 ± 1 4 8(1 2) 
326 ± 3 5 (1 1) 
343 ± 22 8(10) 
310± 156(10) 
344 ± 120(10) 
92 ± 5 6 (10) 
96 ± 7 0 (0 9) 
38 ± 3 5 (0 9) 
42 ± 2.2 (0 8) 
125 ± 12 5(0 9) 
136 ± 30 (09) 
269 ± 140(1(1) 
272 ± 16 5 (11) 
332 ± 180(10) 
344 ± 12 0(10) 
5.0 
360 ± 16 8(4 5) 
365 ± 9.6 (4.3) 
352 * 23.5 (3.5) 
359 * 32.5 (3.5) 
3 1 4 * 12.6(2.9) 
3 1 6 * 5 . 2 (3.5) 
381 * 195(105) 
394 ± 2 2 5 ( 1 1 2) 
373 ± 14.0(9 8) 
4 0 6 * 185(104) 
379 ± 16.5(10.5) 
385 ± 15.0(9 8) 
299 ± 14.5(18) 
307 ± 16 2(1 7) 
281 ± 8.6 (1 8) 
3 1 3 * 5 . 4 (1.6) 
253 ± 18.6(16) 
261 ± 8.2 (1 4) 
399 ±23.2(151 
3 7 9 * 15.8(1.3) 
351 ±32.5(1.4) 
3 7 4 * 14 7(1.4) 
3 2 4 * 10.5(1.3) 
335 ± 12.0(1.3) 
412 ± 21.6(1.4) 
435 ± 12.6(13) 
390 ± 13 5(1 3) 
394 ± 18 9(1.2) 
364 ±21.6(1 2) 
3 6 9 * 14.0(1.1) 
102 ± 6 3 (1 1) 
105 ± 13 3(10) 
4 5 ± 1 7 (11) 
5 4 i 2 l <l I) 
148 ± 10.5(1 1) 
153 ± 4 2 (1 1) 
292 ± 260(1 1) 
283 ± 9 5 (11) 
348 ± 15 0 (10) 
352 ± 120(1 0) 
Water Extracts (/iL/Plate) 
100 
510 r 31.0(63) 
519 ± 15.2(6.1) 
479 ± 17.5(4 8) 
492 ± 11.0(4.8) 
451 r 9.2 (4.1) 
4 6 3 = 12.5(5 1) 
463 = 27 2(12 8) 
475 = 189(135) 
454 ± 9 2 (11 9) 
486 = 42.5(12 4) 
421 = 46.2(11 6) 
465 ± 18.9(11 9) 
374 ± 6.5 (2.3) 
407 = 22 5 (2 3) 
333 = 3 / 5 ( 2 1) 
359= 12.2(1.9) 
296= 15.0(19) 
306= 11.2(1 6) 
411 = 18.0(15) 
400 = 32.0(1.4) 
363= 16.5(1.5) 
3 7 0 = 18.0(14) 
320=22.6(1.3) 
325= 140(1.3) 
536= 17.5(1 8) 
544= 11 2(1 7) 
501 ± 32 5(1.7) 
525 = 42 9(1 6) 
482 ± 36 2(1 6) 
491 ± 129(1 5) 
124 ± 24 0(1 3) 
121 - 196(1 2) 
57 = 25 (14) 
72 = 7 I (13) 
172 ± 15 5(1 3) 
172= 123(1 2) 
301 = iSOd 1) 
296= 11 5(1 2) 
356± 180(1 1) 
359 = 9 0 (1.0) 
20.0 
435 ± 39.5 (5.4) 
454 = 20.2 (5 4) 
425 * 34.5 (4.3) 
431 ± 12.0(4.2) 
410*28.6(3 .7) 
421 ± 16.2(4 6) 
421 ± 2 3 5 0 1 6) 
429 ± 13.2(12 2) 
412 = 38.6(10 8) 
436 = 29.6(11 1) 
401 ± 35.4(11.1) 
411 = 3 6 5 ( 1 0 5 ) 
481 = 4 0 6 ( 3 . 0 ) 
521 =32 .5 (3 0) 
4 5 2 = 18 6(2.9) 
493 = 23 5 (2 6) 
411 ± 18.2(2 6) 
420 = 21.4(2 2) 
400 = 28.2(1 5) 
446 = 42.6(1 6) 
374 = 460(1.5) 
390 ± 2 9 5 (1.5) 
350 ± 18.0(1 4) 
379 ± 15 5(1.5) 
483 ± 2 4 2(1 6) 
499 ± 2 8 0(1.5) 
450 ±32.5 (1.5) 
458 = 46 0(1 4) 
4 2 7 = 15 0(1.4) 
4 3 0 = 18 8(1.3) 
138= 15.5(1.5) 
132 = 33 3(1 3) 
62 ± 7 6 (1.5) 
75 ± 3 2 (15) 
198 ± 10 8(1.5) 
196 = 6 2 (1 4) 
314 = 210(1 2) 
309= 110(12) 
365 ± 2 4 0(1 1) 
370 ± 21 0(1 1) 
40 0 
412 ±226(5 .1 ) 
430 ± 2 6 0(5 1) 
391 ± 19 6(3 9) 
402 ± 13 5(3.9) 
3 8 6 * 14 9(3.5) 
392 = 15 8(4 3) 
373 = 29 0(10 3) 
386= 15 8(11 0) 
389 = 32 4(10 2) 
399 = 250(102) 
362= 15.6(10 0) 
377 = 27 2(9 6) 
303 = 65 (18) 
342= 17 0(2 0) 
280= 12 5(18) 
286= 13.2(1 5) 
252 = 18 5(16) 
271 ± 78 (1 4) 
369= 13 5(1 3) 
369= 16 8(1 3) 
3 4 0 * 9 5 (1.4) 
349 ± 12.6(13) 
317± 110(1 3) 
320 ± 16 5(1 2) 
471 ± 3 2 0(1 6) 
477 = 28 5(1 5) 
430 = 36 2(1 4) 
432 ± 15 5(1 3) 
404 ± 4 2 4(1 3) 
400 ± 29 2(1 2) 
150 ± 15 5(1 6) 
148 ± 260(1 4) 
73 ± 3 0 (18) 
86 ± 6 5 (17) 
210 = 95 (1 5) 
203 = 23 0 (1 4) 
326 ± 100(1 2) 
318= 125(1 2) 
386 = .36 0(1 2) 
392= 190(1 1) 
The numbers represent histidine revertants as mean £ standard deviation. 
Abbreviations- S9. liver microsomal fraction; - , in the absence of S9; +, in the presence of S9 
Value- in parenlhe<ies indicate the mutagenic mdex. 
Mutagenic index = Number of his* revertants induced in the sample/number of spontaneous his* revertants in the negative control 
Liquid-liquid extracted water samples showed that the 
strain TA98 responded maximally at a dose level of 20 
/il/plate. Strains TA98, TAIOO, and TA97a displayed a 
linear dose-response relationship with the test samples as 
long as the dose was within the tolerance limit of the strains. 
Unlike the XAD concentrates, the liquid-liquid-extracted 
water samples displayed a lower level of mutagenicity both 
in the presence as well as in the absence of S9 fraction. 
Table IH shows the net revertants per liter of XAD-
concentrated and liquid-liquid extracted water samples in 
the presence as well as in the absence of S9 fraction for 
the most responsive strains, TA98 and TA97a. These 
strains exhibited the maximum mutagenic activity with 
2411 and 1508 net revertants/L of water, respectively 
when treated with liquid-liquid extracts in the absence of 
S9 fraction. On the other hand, XAD-concentrated water 
samples resulted in significant mutagenic response with 
the TA97a (9825 revertants/L) and TA98 (11738 rever-
tants/L) strains in the absence of S9 fraction. The muta-
genic activity was markedly enhanced in the presence of 
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TABLE II. Reversion of Salmonella tester strains In the presence of llquld-llquld extracted water samples 
Strain 
TA97a 
TA98 
TAIOO 
TAI02 
TA104 
TA97a 
TA98 
TAIOO 
TA102 
TA104 
Seasons 
Summer 
Postmonsoon 
Winter 
Summer 
Postmonsoon 
Winter 
Summer 
Postmonsoon 
Winter 
Summer 
Postmonsoon 
Winter 
Summer 
Postmonsoon 
Winter 
River Water 
(control) 
S9 
-
+ 
-
+ 
-
+ 
-
+ 
-
+ 
-
+ 
-
+ 
-
+ 
-
+ 
-
+ 
-
+ 
-
+ 
-
+ 
-
+ 
-
+ 
-
+ 
-
+ 
-
+ 
-
+ 
-
+ 
Spontaneous 
Reversion 
91 ± 15.5 
100 ± 10.2 
98 ± 5.6 
105 ± 6.2 
94 ± 8,0 
101 ± 7.4 
38 ± 2.5 
40 ± 3 . 0 
39 i: 4.0 
4 4 * 6 . 5 
36 ± 10.5 
48 i 2.8 
187 ± 12.5 
188 ± 11.2 
188 i 15.0 
1 9 0 * 10.5 
185 * 26.5 
186 * 15.2 
3 2 5 * 11.5 
332 * 16.8 
3 1 6 * 14.0 
264 * 25.2 
318 * 22.6 
298 * 23.4 
340 * 17.2 
321 * 24.6 
328 * 9.2 
325 ± 11.4 
290 * 28.2 
305 * 18.6 
9 6 * 2 1 . 0 
105 ± 5.6 
42 ± 2.3 
4 6 * 3 . 5 
126 * 2.2 
132 * 9.0 
283 * 14.0 
286 * 17.0 
2 9 0 * 12.0 
303 * 9.5 
5.0 
152 i 18.5(1.6) 
187* 15.8(1.8) 
183* 10.4(2.0) 
202 i 12.6(1.9) 
126*5 .2 (1.3) 
133*4 .6 (1.3) 
132*6 .5 (3.4) 
142 * 9.5 (3.5) 
1 4 5 * 11.5(3.7) 
158 * 15.2 (3.5) 
9 9 * 13.2(2.7) 
1 0 6 * 19.5(2.2) 
2 1 9 * 9 . 0 (1.1) 
200*22.5(1.0) 
2 4 3 * 11.5(1.2) 
2 5 9 * 18.2(1.3) 
211 ± 5 . 0 (1.1) 
224 ±22.5(1.2) 
356 ± 15.6(1.0) 
340 ±32.0(1.0) 
374 ± 12.5(1.1) 
380 ±21.2 (1.4) 
320 ±29.0 (1.0) 
349 ±26.2(1.1) 
364 ±29.2 (1.0) 
367 ±21.4(1.1) 
392 ± 10.4(1.1) 
398 ± 15.0(1.2) 
327 ± 18.2(1.1) 
3 2 7 * 12.0(1,0) 
102*4 .2 (1.0) 
102 ± 10,0(0,9) 
37 ± 2 . 2 (0.8) 
42 ± 1,2 (0,9) 
124* 11.5(0,9) 
138*4 ,5 (1,0) 
2 8 7 * 11,5(1.0) 
2 9 8 * 7 . 0 (1.0) 
2 9 2 * 6 , 0 (1,0) 
3 1 4 * 3 . 2 (1.0) 
Water Extracts (jilTPlate) 
10.0 
191 ± 16.0(2.0) 
205 ± 28.6 (2,0) 
230 ±21,0 (2.3) 
234 ± 15,5 (2.2) 
174* 16.7(1.8) 
1 9 2 * 13.2(1.9) 
1 7 2 * 14.0(4.5) 
153 ± 13.2(3.8) 
201 ±22.0(5.1) 
191 ± 15.2(4.3) 
150*8 ,5 (4,1) 
135 * 15,5 (2,8) 
269 ± 11,0(1.4) 
274 * 13.4(1.4) 
2 8 7 * 14.2(1.5) 
291 * 19.2(1.5) 
2 5 3 * 16.2(1.3) 
252*21.8(1.3) 
383*30.2(1.1) 
3 9 0 * 16.8(1.1) 
399 ± 18.6(1.2) 
407*35.4(1.5) 
3 6 2 * 15.8(1.1) 
374 ± 12.8(1.2) 
430*36.2(1.2) 
438*42.4(1.3) 
447 ± 14.6(1.3) 
448*28.2(1.3) 
410 ±28,0(1.4) 
411 ± 19.2(1.3) 
111 ± 6 , 3 (1,1) 
I I 5 ± 15.0(1,0) 
40 ± 1,9 (0,9) 
4 8 * 5 , 2 (1,0) 
136 ± 7 . 9 (1.0) 
149*8 ,5 (1,1) 
299 ± 19,5(1,0) 
307 ±24,0 (1,0) 
307 ± 13,0(1,0) 
327 ± 9.0 (1.0) 
20.0 
310 ±34.6(3.4) 
334 ±28.0(3.3) 
296 ± 16.2(3.0) 
321 ± 29.2 (3.0) 
275 ± 15.0 (2.9) 
299 ± 18.8(2.9) 
265 ± 13.2(6.9) 
240 ± 26.2 (6.0) 
293 ± 9.6 (7.5) 
263 ± 12.0(5.9) 
221 * 19,2(6,1) 
200 ± 17,2(4,1) 
360 ±27,4(1.9) 
374 ± 13,2(1.9) 
390 ± 28.2 (2.0) 
399*31.4(2.1) 
321 * 14.6(1.7) 
3 2 5 * 18.0(1,7) 
4 4 2 * 19,0(1.3) 
430 ±23.4 (1.2) 
457*42.6(1 .4) 
450 ±38.6 (1.7) 
436 ±27 .2 (1.3) 
425*34.0(1.4) 
468 ±32.5 (1.3) 
451 ±37.4(1.4) 
489*24.8(1 .4) 
483*29.0(1 .4) 
433*26.0(1.4) 
421 ±29.2(1.3) 
118*9 .5 (1.2) 
1 2 3 * 13.2(1.1) 
4 9 * 9 . 5 (1,1) 
5 8 * 7 , 5 (1,2) 
152*2 ,5 (1.2) 
163*6 ,0 (1,2) 
318+ 11.0(1,1) 
336+ 17.5(1,1) 
318 ± 15.0(1.0) 
332 ± 12.0(1.0) 
50.0 
303 ± 18.6(3.3) 
325 * 26.4 (3.2) 
330 ± 29.6 (3.3) 
3 6 2 * 15,0(3,4) 
2 8 2 * 13,2(3,0) 
300 ± 15,5(2,9) 
244 ± 15,6(6,4) 
203 * 29,2 (5,0) 
285 * 32,0 (7,3) 
270+ 19,2(6,1) 
211 ± 14,0(5,8) 
187 + 15,5(3,8) 
387 + 35.6 (2.0) 
376 ±31.8 (2.0) 
388 + 25.5 (2.0) 
364 ±29 .2 (1.9) 
3 1 7 + 15.8(1.7) 
320 ±25.7 (1.7) 
449 ± 15.4(1.3) 
423 + 43.2(1.2) 
488 ± 18.0(1.5) 
464 ± 12.6(1.7) 
420+ 19.0(1.3) 
411 ±23.2(1.3) 
482 ± 13.2(1.4) 
494 + 12.0(1.5) 
4 9 9 + 18.6(1.5) 
500 ± 14.7(1.5) 
451 ± 11.5(1.5) 
461 * 15.0(1.5) 
132 ±23.0(1.3) 
136 + 4.5 (1.2) 
52 ± 2 . 5 (1.2) 
65 + 11.0(1.4) 
171 +4 .9 (1.3) 
186 ± 3 . 6 (1.4) 
346 ± 7 . 0 (1.2) 
353+ 14.0(1.2) 
338 + 25.0(1.1) 
336+ 18.0(1.1) 
100.0 
289 ± 15.8(3.1) 
3 0 9 * 12.2(3.01 
326 ± 38.2 (3.3) 
366 ± 21.4(3.4) 
263 ± 13.4(2.7) 
294 ± 18.0(2.9) 
2.17 ± 15.0(6.2) 
199 ±26.0 (4.9) 
280 ± 18.9(7.1) 
267 + 17.4(6.0) 
186 ± 18.2(5.1) 
162*9.6 (3.3) 
380 ± 23.2 (2.0) 
357 ±21.0(1.8) 
374 ±32.4 (1.9) 
350 ± 16,7(1.8) 
.145* 18.5(1.8) 
321 +7 .8 (1.7) 
442 ± 34.2(1.3) 
445*38.5(1.3) 
463 ± 16.4(1.4) 
471 ±22.0(1.7) 
415 ±21.2(1.3) 
416*26.0(1.3) 
523*28.0(1.5) 
530 ±43.5 (1.6) 
511 +9.5 (1.5) 
512 ±29.2 (1.5) 
505 ±28.0 (1.7) 
510 + 38.6(1.6) 
145 ± 15.6(1.5) 
146 + 21.2(1.3) 
59 + 3.5 (1.4) 
73 ± 7 . 6 (1.5) 
183 ±5 .2 (1.4) 
198 ± 3 . 9 (1.5) 
356 ±5 .5 (1.2) 
365 ± 6 . 0 (1.2) 
356 ±21.0(1.2) 
352 ± 18.0(1.1) 
The numbers represent hislidine leverUuits as mean ± standard deviation. 
Abbreviations: S9, liver microsomal fraction; -, in the absence of S9; +, in the presence of S9. 
Values in parentheses indicate the mutagenic index. 
Mutagenic index = Number of his* revertants induced in the sample/number of spontaneous his* revertants in the negative control. 
S9 fraction when treated with XAD-concentrated water 
samples. 
Survival of E. coli K-12 Strains with tiie Test 
Water Samples 
The survival pattern of recA, lexA, and polA mutants in the 
presence of extracted water (XAD-concentrated and liquid-
liquid) samples is shown in Figure 1. The damage brought 
about in the cell in the presence of XAD concentrate was 
found to be remarkably high compared with the liquid-
liquid water extracts at a dose level of 20 yUmL of culture. 
All the mutants invariably exhibited a significant decline in 
their colony-forming units (CPUs) compared with their 
isogenic wild-type counterparts. The lexA and polA mutants 
were found to be the most sensitive strains. The/»oi4 mutant 
also exhibited a significant decline in its CPUs as compared 
with its isogenic wild-type counterparts. Survival was de-
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TABLE III. Mutagenicity of water samples (net revertants/L) for the most responsive TA97a and TA98 strains 
S miplcs 
L iquiJ liquid extracted water samples 
X A D concentrated water samples 
Strain Designation 
TA97a 
TA98 
TA97a 
TA98 
S9 Fraction 
-
+ 
-
+ 
-
+ 
-
+ 
Net Revertanls/L 
1508 ± 7 1 5 
1368 ± 4 3 7 
2411 ± 8 4 0 
2092 ± 63 5 
9825 ± 123 0 
10525 ± 132 6 
1I738± 128 6 
12713 ± 156 6 
1 dtTtb- i represent hisUdinc revertants per liter as mean ± standard deviation 
» I ill <ns S9 liver microsomal fraction - in me absence of S9, + in the presence of S9 
crcd-iefl by 86 7% and 65 1 % m polA mutants after 6 h when 
treated with XAD-concentrated and Iiquid-Iiquid extracted 
water samples, respectively 
Survival of Bacteriophage A with the Test 
Samples 
Extracellular treatment of bactenophage A with the test 
wa'er (XAD-concentrated and liquid-liquid extracted) sam-
ples IS shown in Figure 2 The test water samples showed 
signihcant loss of plaque-forming units (PFUs) at a dose of 
20 fAJmL The decline was more pronounced in the lexA 
mutants in the presence of XAD-concentrated samples than 
liquid-liquid extracted water samples The survival was 
30'> in lexA strain when the phage was treated with a 
liquid-ltquid extracted water sample after 6 h of treatment, 
and It was only 17% for XAD-concentrated water samples 
The lecA mutants also exhibited a decline in their plaque-
fomiing units compared with their isogenic wild-type coun-
terparts 
DISCUSSION 
Although several short-term mutagenicity testing systems 
have been developed during the last 20 years, the Salmo-
nella test IS still recognized as a valid indicator of mutage-
nicity (Maron and Ames, 1983, Ashby and Tennant, 1988, 
Claxton et al, 1988) However, it is always desirable to 
carry out a range of tests for a better understanding of the 
actual behavior of the test samples (Maron and Ames, 
1983) We therefore employed three test s) stems to estimate 
the mutagenic potential of the samples (a) the Salmonella 
test, (b) survival of DNA repair defective E coli K-12 
mutants, and (c) survival of bacteriophage A 
The present study indicated an increase in the number of 
revertant colonies with one or more Salmonella tester 
strains in the presence of the test samples Other researchers 
have also reported mutagenic activity of surface- and drink-
ing water samples (Kusamran et al , 1994, Rehana et al, 
1995, 1996, LIU et al , 1999) Our results with XAD-con-
centrated water samples indicated an increase in the number 
of revertant colonies with one or more tester strains It was 
observed that the test water samples collected during the 
summer exhibited maximum mutagenic activity compared 
with other seasons A possible explanation is loss of water 
from evaporation of nver water dunng this season, resulting 
in a concentration of pollutants Filipic (1995) extracted 
water samples with XAD-2 resins from the Sora River and 
tested for mutagenicity with a modified Salmonella test He 
also found maximum mutagenicity with the TA98 strain, 
both in the presence and the absence of S9 fraction Several 
investigators have also tested the mutagenicity of water 
samples extracted by the XAD resins blue rayon and blue 
chttin (Filipic, 1995, Vargas et al, 1995, Rehana et al, 
1996, Sakamoto et al , 1996, White and Rasmussen, 1998), 
they reported that the test samples were mutagenic with one 
or more of the Salmonella tester strains Our results of the 
XAD-concentrated water samples also indicate a remark-
able level of mutagenicity with other tester strains This may 
be because of the contammafon of river water with domes-
tic and industnal waste at this sampling site Adsorption on 
XAD resins could be very specific for the isolation of 
mutagenic substances from water samples (Kool et al, 
1981, Vartiainen and Lumatainen, 1986) The enhanced 
activity of the XAD-concentrated water samples in the 
presence of S9 fraction further suggests that the organic 
extracts contained some pollutants whose metabolites were 
even more potent mutagens Pancarbo et al (1987) found a 
significant mutagenic activity m a variet) of industrial 
wastewater effluents and sludges Malik and Ahmad (1995) 
screened raw wastewater samples comprising both domestic 
and industrial wastes, and they demonstrated significant 
mutagenic activity with Salmonella tester strains However, 
the TAI02 and TA104 strains were found to be maximally 
responsive with the samples 
Ltquid-liquid extracted samples displayed higher levels 
of mutagenicity in water collected in the absence of S9 
fraction dunng the postmonsoon season than in other sea-
sons. This may be from movement of water carrying pesti-
cides from the agricultural fields into the river dunng the 
monsoon season (July-August) Polemio et al (1983) ob-
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Rg. 1. Survival of E. coli K-12 strains exposed to water 
samples: (a) control p<AD-concentrated), (b) test samples 
(XAD-concentrated), (c) control (liquicWiquid extracted), and 
(d) test samples (liquid-iiquld extracted). Wild type: (jvcA*, 
lexA*) (O-O); recA ( * - * ) ; lexA ( • - • ) ; polA- (0 -©) ; 
polA* (A - A). 
lion. However, Vargas et al. (1995) reported that the 
samples that were positive to the Salmonella assay by the 
direct concentration method lost this activity after liquid-
liquid extraction. This difference was related to the loss of 
substances that volatilize during the extraction process, and 
their study of the volatile product concentrates confirmed 
the role of these compounds in inducing the activity present 
in some samples. Dutka and Switzer-House (1978) also 
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served that the concentration of pollutants in water usually 
depends on enrichment and dilution phenomena caused by 
rainfall. McGeorge et al. (1983), Meier (1988), and Vargas 
et al. (1995) concentrated water samples by the liquid-
liquid extraction procedure and found that volatile sub-
stances are lost during the processing of sample evapora-
TIME(h) 
Rg. 2. Survival of extracellularly treated bacteriophage A 
with water samples: (a) control (XAD-concentrated), (b) test 
samples (XAD-concentrated), (c) control (liquid-liquid ex-
tracted), and (d) test samples Oiquid-liquid extracte<d). Wild 
type: {recA*, lexA*) (O - O); recA ( * - * ) ; lexA ( • - • ) . 
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observed loss of mutagenicity because of base pair substi-
tuiion in samples submitted to evaporation undei vacuum at 
44 C and related to the presence of substances that volatil-
ize and suffer degradation at this temperature This treat-
ment IS also ineffective for the extraction of polar genotox-
ins and the substances utilized during extraction may 
introduce modifications m sample composition, generating 
some genoloxicity (Stahl, 1991) However, the treatment 
has the advantage of providing a qualitative estimate of the 
classes of organic compounds responsible for genotoxic 
activity by analysis of sample fractionated into substances 
with acid, basic, and neutral affinity (Dutka et al , 1981 
Stahl, 1991) These results agree with the what was ob-
served m the present study—that the loss of sample muta 
genicity after liquid-liquid extraction may be related to the 
elimination of these chemical products dunng treatment 
(McGeorge et a l . 1983, Meier, 1988, Vargas et al , 1995) 
The survival pattern of recA, lexK, and po/A mutants of 
E coll in the presence of XAD-concentrated and liquid-
liquid extracted water samples is shown in Figure 1 It is 
postulated that the inducible errur-prone repair pathway 
presumably in\olves the recA and lexA genes, which could 
potentially operate on several types of lesions in DNA 
vshe'her produced by radiation or environmental chemicals 
or ov other agents (Walker, 1985, Strauss, 1989, Rehana et 
al 1996) The recA, lex A, and polA mutants of E coli w ere 
found to be sensitive to the test samples, suggesting damage 
to the DNA of exposed cells as well as to the role of ret \* 
/?t \ *, and polA* genes in coping with the hazardous effect 
of pollutants These genes are believed to initiate the SOS 
response 
The different principles and biological end points of the 
Salmonella reversion test and of the E coli DNA repair test 
as well as the comparative data obtained in this siud> 
clearly indicate that the two expenmental models are not 
alternative but complementary, thus supporting the Mew 
that they should be conveniently combined in any battery of 
short-term tests predictive of carcinogenicity 
Extracellular treatment of bactenophage A with concen 
trated water samples resulted m significant loss of plaque-
fomiing units Vargas etal (1995) concentrated water sam-
ples and screened the concentrates for their genotoxicit) by 
the microscreen phage-induction assay and proved that it is 
a good screening assay for genotoxic compounds present in 
small concentrations m environmental samples Houk and 
DeMarini (1987) also reported that prophage induction may 
be useful for screening hazardous wastes, many of which 
contain chlorinated organics and carcinogenic solvents and 
metals that are refractory in the Salmonella assay 
Mutagenicity assessment of Yamuna River water dem-
onstrated that It has been polluted by a mixture of genotox-
ins with both bacterial mutagenic and genotoxic effects Our 
results are consistent with the idea that the test water sam-
ples would be remarkably genotoxic Moreover, the water 
samples also initiate the SOS response and thus bnng about 
mutation in the bactenal DNA The genotoxic effect of the 
test water samples would obviously pose a nsk of neoplastic 
transformation in humans using untreated Yamuna River 
water for drinking 
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Abstract 
In the city of Aligarh (India), wastewater coining from both industrial and domestic sources and without any treatment is 
used to irrigate the agricultural crops. This practice has been polluting die soil, and the pollutants could possibly reach the 
food chain. For the above reason, soil irrigated with wastewater was sampled and monitored for the presence of genotoxic 
agents using three biological assays namely Ames 5a/ffio/z«//a/mammalian microsome test, survival of SOS defective E. coli 
K-12 mutants and bacteriophage lambda systems. Extracts from soils were prepared using different organic solvents, i.e. 
methanol, acetonitrile and acetone. TA98 was found to be most sensitive strain to all the soil extracts. A significant decline in 
the survival of DNA repair defective E. coli K-12 mutants as compared to their isogenic wild-type counterparts were observed 
when treated with soil extracts. Pol A. was found to be the most sensitive strain. A remarkable decline in the plaque forming 
units was also observed when tested with the soil extracts. Extracts of soil that has been irrigated with ground water were also 
tested by the above three biological assays to compare the results. 
© 2003 Elsevier Science B.V. All rights reserved. 
Keywords: Wastewater; Agricultural soil: Ames Salmonella test; SOS repair; India 
1. Introduction 
Industrial wastes and effluents are undesirable 
by-products of economic development and techno-
logical advancement. Hazardous wastes include pure 
chemical compounds, effluems, discharges, sludges, 
and wastewaters from industrial sources, air borne 
pollutants released from industries or waste sites [1,2]. 
When improperly handled and disposed, industrial 
wastes imperil both human health and environment. 
Increased incidences of gastrointestinal cancers, blad-
der cancers, reproductive abnormalities, and congen-
* Corresponding author. 
E-mail addresses: asmalother@yahoo,co.in (A. Aleem), 
ab-malilc30@yahoo.com (A. Malik;. 
ital malformation have been found in populations 
living near hazardous waste dump sites [1]. 
In most towns of India, the raw sewage is used either 
directly to irrigate the agricultural land as a supple-
ment of essential plant nutrients or disposed into fresh 
water streams which again can be used for agricultural 
purposes [3]. This treatment increases crop production 
and results in the accumulation of toxic substances in 
soil and in the crop as sewage is usually contaminated 
with pollutants such as heavy metals and polychlori-
nated substances from domestic and industrial wastes 
that enter into the sewer system [4,5]. 
Soil contaminants are widespread in industrialised 
countries, causing direct pollution of the soil and in-
direct pollution of tlie ground water and food. Among 
the toxic compounds, particular attention should be 
1383-5718/03/$ - see front matter © 2003 Elsevier Science B.V. All rights reserved. 
doi:10.10l6/S1383-5718(03)00110-4 
146 A Aleem. A Malik/Mutation Research 538 (2003) 145-154 
paid to soil mutagens and carcinogens due to their po-
tentially detnmental effects on animal populations and 
human health [6]. 
Several workers have studied the genotoxicitv of 
soil irrigated with wastewater using plant bioassays. 
They demonstrated that the extracts of the soil showed 
differential sensitivity in these bioassays [6-11]. 
Traditionally the impact of toxic pollutants dis-
charged into water resources or soil irrigated with 
wastev-aters have been evaluated by measurement of 
specific chemical pollutants or perhap?. more com-
monly surrogate chemical parameters m the discharge. 
A major problem for this approach is the need for 
complex analytical technique in the identification and 
quantification of aJl the pollutants of interest. Further-
more risk estimation derived solely from the presence 
of specific pollutants requires detailed knowledge of 
the toxicological properties of these pollutants both 
singly or in combination. An alternative approach for 
testing contaminated soil or water involves the use of 
biological test system for determining the toxicologi-
cal impact of industrial and municipal discharges. 
Present study focuses on the genotoxicity of agri-
culivral soil irrigated with wastewaters from factories 
and domestic sewage about a decade [5] and ground 
water imgated soil; using three different bioassays 
namely Ames 5a/woMe//a/mammalian microsome test, 
surM\al of SOS defective E. coli K-12 mutants and 
ba'.unophage lambda systems. Few studies have been 
cor • p.ed in testing potentially contaminated soils of 
Ino ^y these methods [12]. 
small scale industries are house based, and (b) proper 
compartmentalisation of different sewerages has not 
gained popularity due to lack of strict laws and their 
enforcement procedures [12]. 
2.2. Extraction of soil samples with 
different solvents 
Extraction of soil vith different solvents (methanol. 
acetonitrile and acetone) was done according to the 
method of Knize et al. [14]. Ten grams of soil \sa> 
extracted with 10 ml of the extraction solvent. The ex-
tracts were centrifuged at 7000 rpm for 10 min. The ex-
tracts were evaporated to dryness and then redissolved 
in 1 ml of DMSO (SRL, India). These extracts were 
filtered sterilised through 0.45 \im filters and stored at 
—20°C until testing was completed 
2.3. Bacteria 
The Salmonella strains fa kind gift of Prof B. N. 
Ames) were maintained in frozen stocks and groun 
as described by Maron and Ames [15]. Each strain 
was tested on the basis of associated genetic markers 
raising it from a single colony from the master plate 
[15]. 
The bacterial strains of E. coli K-12 were obtained 
from Barbara, B.J. (£. coli Genetic Stock Centre, 
Department of Biology, Yale University, New Haven, 
USA). They were always plated on nutrient broth 
containing 1.5% (w/v) agar (Hi-Media, India). 
2. Materials and methods 
2.1. Sample collection 
Composited soil samples were collected from sur-
face to a depth of about 15 cm using sterilised spat-
ula from agricultural fields that had been irrigated 
with wastewaters about a decade, which comprises 
of both industrial wastewater from factories and do-
mestic sewage [5] and ground water irrigated soil in 
the vicinity of Aligarh City. This city is famous for 
lock manufacturing, steel and electroplating industries 
[13]. However, it is worth mentioning that there is no 
fool proof separation of industrial effluents from do-
mestic wastes and these two get mixed up because (a) 
2.4. Salmonella mutagenicit}- testing 
The pre-incubation test was performed as described 
by Maron and Ames [15] with some modifications 
[16]. Five increasing doses (20,40.60, 80 and 100 jil) 
of each soil extract were plated in duplicate with 0.1 ml 
bacterial culture. After incubating the test sample and 
bacterial culture for 30 min at 37 ^ C, 2.0 ml top agar 
containing traces of histidine and biotin were added, 
and contents were poured on minimal glucose agar 
plates. Plates were incubated at 37 ""C for 48-72 h. 
Negative and positive controls were included in each 
assay. The negative control plates had bacteria and 
solvent (DMSO) but no test sample. Methyl methane 
sulphonate and sodium azide were used as positive 
controls. All the soil extracts were also tested in the 
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presence of (+S9) microsomal fraction, to which 20 \i\ 
of S9 liver homogenate mix per plate was added. S9 
fraction was prepared by inducing albino male rats 
weighing approximately 200 g with Aroclor 1254. The 
criterion used to classify the results as positive was 
similarto those of Vargas etal. [17,18], i.e. number of 
revertants double the spontaneous yields accompanied 
by a reproducible dose-response curve. 
2.5. Treatment of E. coli K-12 strains with soil 
extracts 
The SOS defective recA, lex A and polA mutants of 
E. coli K-12 as well as the isogenic wild-type strains 
were harvested by centrifugation from an exponen-
tially growing culture ((1-3) x 10* viable counts/ml). 
The pellets so obtained were suspended in 0.01 M 
MgS04 solution and treated with 80 p.1 of each soil 
extract. Samples were withdrawn at regular intervals, 
suitably diluted and plated to assay the colony form-
ing ability. Plates were incubated overnight at 37 'C. 
Solvent control was also run simultaneously. 
2.6. Extracellular treatment of bacteriophage 
X with the test samples 
Purified bacteriophage A. (lO'^'PFU/ml) was incu-
bated at 37 ""C with 80 jxl/ml of test samples. Aliquots 
of 0.1 ml were withdrawn at regular intervals, suit-
ably diluted in 0.01 M MgS04 solution of pH 8.0 
and allowed to adsorb on DNA repair defective and 
wild-type hosts of E. coli K-12 strains at 37 °C. The 
Table 1 
Reversion of Salmonella tester strains in the presence of methanol extracts of soil 
Strain 
designation 
S9 Spontaneous 
reversion 
Doses (|xl per plate) 
20 
Agricultural soil irrigated with ground water 
TA97a - 116 ± 9 . 0 122 ± 10.2 (1.1) 
+ 112 ± 8 . 6 117 ± 6 . 3 (1.0) 
TA98 
TAIOO 
TA102 
TA104 
Agricultural 
TA97a 
TA98 
TAIOO 
TA102 
TA104 
+ 
+ 
+ 
+ 
46 ± 7.0 
45 ± 5.6 
168 ± 10.2 
178 ± 8.6 
256 ± 17.2 
282 ± 12.5 
326 ± 13.4 
336 ± 11.5 
59 ± 7.2 (1.3) 
56 ± 5.2 (1.2) 
177 ± 5.2 (1.1) 
186 ± 6.4(1.0) 
262 ± 7.6 (1.0) 
272 ± 8.2 (1.0) 
334 ± 11.6(1.0) 
338 ± 5.2 (1.0) 
soil irrigated with wastewater 
95 ± 6.5 129 ± 16.8 (1.4) 
-1- 99 ± 7.1 148 ± 4.2 (1.5) 
+ 
+ 
+ 
+ 
38 ± 6.5 
44 ± 4.5 
168 ± 11.4 
189 ± 10.5 
272 ± 15.5 
290 ± 9.5 
316 ± 14.2 
339 ± 21.0 
98 ± 6.2 (2.6) 
92 ± 6.8 (2.0) 
295 ± 9.7 (1.8) 
298 ± 11.0(1.6) 
282 ± 9.0(1.0) 
312 ± 14.0(1.1) 
326 ± 11.4(1.0) 
356 ± 7.2(1.1) 
40 
126 ± 9.4(1.1) 
132 ± 12.5 (1.2) 
71 ± 6.2 (1.5) 
66 ± 8.1 (1.5) 
185 ± 7.6 (1.1) 
189 ±4.2(1.1) 
272 ± 9.4 (1.1) 
283 ± 5.2 (1.0) 
346 ± 12.2(1.1) 
344 ± 8.2 (1.0) 
152 ± 9 . 0 (1.6) 
158 ± 9.6 (1.6) 
156 ± 4.8 (4.1) 
162 ± 9.2 (3.7) 
334 ± 9.2 (2.0) 
316 ± 16.2 (1.7) 
308 ± 10.2 (1.1) 
310 ± 11.2 (1.0) 
348 ± 17.2(1.1) 
372 ± 8.5 (1.1) 
60 
132 ±6.0(1.1) 
139 ± 15.2 (1.2) 
79 ± 8,0 (1.7) 
72 ± 8.2 (1.6) 
192 ± 3.5 (l.I) 
197 ± 4.0 (1.1) 
278 ± 11.2(1.1) 
284 ± 6.2 (1.0) 
356 ± 12.5 (1.1) 
349 ± 8.6 (1.0) 
186 ± 8.5 (2.0) 
192 ± 6.2 (1.9) 
214 ± 12.7 (5.6) 
222 ± 13.0(5.0) 
378 ± 14.7 (2.2) 
371 ± 5.2 (2.0) 
332 ± 18.6 (1.2) 
346 ± 18.2 (1.2) 
374 ± 11.2 (1.2) 
392 ± 10.0 (1.2) 
80 
138 ± 14.2 (1.2) 
144 ± 7.2 (1.3) 
98 ±6.4(2.1) 
104 ± 11.2 (2.3) 
202 ± 4 . 2 (1.2) 
217 ± 11.4 (1.2) 
280 ± 5.7 (1.1) 
290 ± 5.8 (1.0) 
358 ± 9.2(1.1) 
354 ± 12.5 (1.1) 
208 ± 7.6 (2.2) 
208 ±6.6(2 .1) 
256 ± 9.7 (6.7) 
258 ± 9.9 (5.9) 
432 ± 15.6 (2.6) 
412 ± 18.0 (2.2) 
360 ± 8.2(1.3) 
378 ± 12.5 (1.3) 
398 ± 11.8 (1.3) 
402 ± 9 . 6 (1.2) 
100 
144 ± 7.2 (1.2) 
153 ± 13.8 (1.4) 
92 ± 8.5 (2.0) 
80 ± 5 . 4 (1.8) 
212 ±9.6(1 .3) 
222 ± 8.6 (1.2) 
278 ±6.4(1.1) 
298 ± 8.0(1.1) 
362 ± 5 . 2 (1.1) 
357 ± 6.2 (1.1) 
186 ± 7.4 (2.0) 
195 ± 6.2 (2.0) 
142 ± 9.2 (3.7) 
148 ± 8.2 (3.4) 
:-55 ± 17.2 (2.1) 
.'62 ± 16.6(1.9) 
315 ± 9.5 (1.2) 
316 ± 8.7(1.1) 
376 ± 10.5 (1.2) 
398 ± 12.2 (1.2) 
The numbers represent histidine revertants in terms of mean ± standard deviation. S9, liver microsomal fraction: ( - ) in the absence of 
S9; (+) in the presence of S9. Values in parentheses indicate the mutagenic index. Mutagenic index = no. of his"'" revertants induced in 
the sample/no. of spontaneous his''" revertants in the negative control. 
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infectne centres were plated on nutrient agar by dou-
ble layer method Plaques were counted after overnight 
incubation at 37 C 
3. Results 
The re\ersion of Ames tester strains in the pres-
ence of soil extracts are summarised in Tables 1-3 
Extracts ot soil with methanol were found to be more 
rnu: liit^ nic in agncultural soil imgatea with wastew-
ater than acetonitnle and acetone extracts However, 
agncuUural soil ungated with wastewater was found 
to be most responsive to the tester strains compared 
to that of ground water irrigated soil Extracted soil 
samples (methanolic) exhibited a significant degree of 
mutagenicity with TA98 strains (218 net revertants) at 
the dose le\el of 80)i.l per plate The reversion prop 
erty which displayed an increasing trend up to 80 \i 
per plate declined sharply at 100|xl per plate Signil 
icantly enough the presence of S9 liver microsomal 
fraction exhibited an inhibitory effect on appearanc 
of his"^ revertants The strains could be listed in orde 
of their responsiveness with methanolic extract of soj I 
in the absence of S9 fraction as follows 
TA98 > TAIOO > TA97a > TA102, TA104 
Extraction of soil with acetonitnle and acetone als^  
displayed the maximum mutagenicity with TA9 
strain both in the presence and absence of S9 fraction' 
In the absence of S9 fraction, the mutagenic indexe. 
of TA97a strain towards the acetonitnle extracts ol 
the soil were different to those of acetone extracts 11 
the presence of S9 fraction the mutagenic indexes o 
Table 2 
Reversion ot Salmonella tester strains in the presence of acetonitnle extracts of soil 
Strain 
designation 
Agricultural 
T^97a 
TA,98 
TAIOO 
TA102 
TA104 
AgriLultural 
TA97a 
TA98 
TAIOO 
TA102 
TA104 
S^  
oil 
-
-
-
-
— 
-
_ 
-
_ 
-
^oil : 
-
-
_ 
-
_ 
-
_ 
-r 
_ 
-
' Spontaneous 
reversion 
Doses (n! per plate) 
20 
imgated with ground water 
89 ± 56 
91 ± 18 8 
43 ± 50 
49 ± 76 
175 ± 72 
189 ± 86 
275 ± 15 1 
283 ± 92 
316 ± 70 
326 I 6 0 
95 ± 6 4 ( 1 1) 
95 ± 69 (1 0) 
60 ± 73 (14) 
68 ± 11 2 (14) 
180 ± 67 (1 0) 
200 ± 98 (1 1) 
293 ± 166 (1 1) 
300 ± 155 (1 1) 
325 ± 14 0 (1 0) 
340 ± 40 (10) 
imgated with wastewater 
87 ± 70 
100 ± 15 6 
33 ± 7 5 
41 ± 45 
174 ± 88 
199 ± 6 7 
289 ± 5 1 
309 ± 10 5 
310± 81 
315 ± 1 1 0 
110 ± 68 (1 3) 
123 ± 12 0 (1 2) 
68 ± 7 0 ( 2 n 
79 ± 110(19) 
192 ± 18 3 (1 1) 
220 ± 10 8 (1 1) 
300 ± 17 6 (10) 
312 ± 6 0 ( 1 0 ) 
320 ± 2 1 2 ( 1 0) 
330 ± 7 4 (1 0) 
40 
101 ± 54 (1 1) 
112 =: 155 (12) 
69 ± 6 0 ( 1 6) 
78 ± 6 6 ( 1 6 ) 
191 ± 10 1 (1 1) 
206 =: 64 (1 1) 
295 ± 1 5 0(1 1) 
309 ± 90 (1 1) 
312 ± 60 (1 1) 
343 ± 13 2 (1 1) 
138 X 48 (1 6) 
144 ± 9 0 ( 1 4) 
112 ± 126(34) 
128 ± 50 (3 1) 
220 ± 15 6 (1 3) 
241 ::: 120 (I 2) 
309 ± 142 (1 1) 
323 ± 7 6 ( 1 0 ) 
368 ± 13 0(1 2) 
351 ± 84 (1 1) 
60 
111 ± 86 (1 2) 
125 ± 142 (14) 
90 ± 53 (2 0) 
98 ± 68 (2 0) 
200 ± 6 0 ( 1 1) 
215 ± 96 (1 1) 
300 ± 80 (1 1) 
316 ± 72 (1 1) 
335 ± SS (1 1) 
34S ± 160 (1 1) 
168 ± 16 8 (1 9) 
174 ± 50(1 7) 
149 ± 93 (4 5) 
156 ± 1! 0 (3 8) 
260 ± 9 0 ( 1 5) 
293 ± 74 (1 5) 
331 ± 90 (1 1) 
354 ± 1 7 0(1 1) 
390 ± 90 (1 3) 
382 ± 212 (1 2) 
80 
120 ± 10 1 (1 3) 
146 ± 11 1 (16) 
98 ± 89 (2 3) 
113 ± 7 1 (2 3) 
208 X 64 (1 2) 
212 ± 7 1 (1 1) 
305 ± 10 1 (1 1) 
324 ± 5 6 ( 1 1) 
341 ± 230(1 1) 
355 ± 11 6 (1 1) 
183 ± 70 (2 1) 
189 ± 6 0 ( 1 9 ) 
178 ± 1 6 3 (5 4) 
180 ± 73 (4 4) 
380 ± 1 4 0 (2 2) 
326 ± 9 1 (1 6) 
349 ± 13 6(12) 
368 ± 21 2 (12) 
396 ± 83 (1 3) 
374 ± 7 0 ( 1 2 ) 
100 
n o ± 120 (I 5 
149 ± 9 0 (1 6) 
106 ± 10 2 (2 5 
129 ± 12 0 (2 6 
225 ± 114(1 3 
210 ± 15 1 0 1 
312 ± 160(1 1 
330 ± 14 2 (1 2 
350 ± 170 (1 1 
358 ± 18 9 (1 1 
185 ± 10 3 (2 1 
1% ± 77 (20) 
150 ± 10 2 (4 5. 
171 ± 180 (42 
281 ± 15 8 (1 6 
278 ± 28 2 (1 4 
338 ± 12 5 (1 2 
340 ± 8 3 (11) 
392 ± 6 4 (1 3) 
370 ± 5 0 (1 2) 
The numbers represent histidine revertants in terms of mean ± standard deviation S9 liver mn.rosomal fraction. ( - ) in the absence ol 
S9 (+) in the presence of S9 Values in parentheses indicate the mutagenic index Mutagenic index = no of his+ revertants induced i i 
the sample/no of spontaneous his"*^  revertants in the negative control 
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able 3 
Reversion of Salmonella tester strains in the presence of acetone extracts of soil 
tram 
esignation 
vgncultural 
TA97a 
TA98 
TMOO 
TAI02 
TAI04 
agricultural 
TA97a 
TA98 
TAIOO 
TAI02 
TA104 
S9 
soil 
+ 
+ 
+ 
+ 
+ 
soil 1 
+ 
+ 
+ 
+ 
+ 
Spontaneous 
reversion 
Doses (n-l per plate) 
20 
irrigated with ground water 
92 ± 9 1 93 ± 7 4 (10) 
n O ± 6 3 1 I 2 ± 8 4 ( I 0 ) 
35 ± 83 
45 ± 71 
138 ± 102 
149 ± 7 8 
260 ± 112 
241 ± 1 2 6 
331 ± 154 
343 ± 1 2 2 
38 ± 7 0 ( 1 1) 
49 ± 5 2 ( 1 I) 
139 ± 4 6 ( 1 0 ) 
152 ± 6 3 (10) 
273 ± 7 0 ( 1 1) 
249 ± 15 0 (1 0) 
333 ± 7 8 ( 1 0 ) 
356 ± 89 (1 0) 
irrigated with wastewater 
88 ± 4 0 98 ± 3 0 (11) 
92 ± 5 3 123 ± 5 6 (13) 
3 9 ± 52 
48 ± 9 3 
183 ± 1 4 6 
200 ± 12 5 
305 ± 1 3 2 
335 ± 1 4 0 
316 ± 125 
325 ± 9 0 
60 ± 4 0 ( 1 5) 
58 ± 60 (1 2) 
200 ± 5 5 (1 1) 
204 ± 5 6 ( 1 0 ) 
300 ± 7 3 (10) 
340 ± 6 1 (1 0) 
324 ± 13 0 ( 1 0 ) 
330 ± 6 4 (10) 
40 
100 ± 
125 = 
60 ± 
65 ± 
145 =: 
158 =: 
275 ± 
260 = 
350=: 
358 = 
125 = 
139 =: 
68 = 
63 = 
201 ± 
215 = 
314 = 
345 = 
338 ± 
339 ± 
6 4 ( 1 1) 
~6 n 1) 
74 (1 7) 
5 0 n 4) 
97 fl I) 
138 n 1) 
60 (1 I) 
S6 (1 1) 
87 n 1) 
' 0 flO) 
: 9 ( 1 4 ) 
48 (I 5l 
3 0 (17 ) 
49 ri 3) 
130(1 1) 
90 (1 I) 
48 (10) 
7 2 (10) 
4 5 ( 1 1) 
13 3 (10) 
60 
119 ± 4 9 (13) 
139 ± 170(1 3) 
70 ± 13 0 (2 0) 
77 ± 8 0 ( 1 7) 
167 ± 112 (12) 
178 ± 10 6 (12) 
289 ± 68 (1 1) 
263 ± 17 0(1 1) 
368 ± 9 0 ( 1 1) 
363 ± 1 0 3 (10) 
139 ± 9 0 (16) 
150 ± 6 0 ( 1 7 ) 
83 ± 9 0 (2 1) 
79 ± 4 5 (16) 
225 ± 5 0 ( 1 2 ) 
230 ± 7 0 ( 1 2) 
330 ± 4 0 (1 1) 
351 ± 6 8 ( 1 0 ) 
348 ± 16 3(1 1) 
354 1 9 2(1 1) 
80 
125 ± 8 9 ( 1 3 ) 
145 ± 13 0 ( 1 3 ) 
73 ± 34 (2 1) 
79 ± 4 5 (I 8) 
178 ± 1 3 2 (13) 
189 ± 7 3 (13) 
291 ± 5 6 ( 1 1) 
271 ± 50 (1 1) 
379 ± 11 2 (1 1) 
375 ± 5 3 (1 0) 
148 ± 73 (17) 
159 ± 4 5 (17) 
101 ± 38 (2 6) 
93 ± 52 (19) 
296 ± 6 3 (16) 
235 ± 9 0 ( 1 2 ) 
341 ± 138 (1 1) 
364 ± 8 1 (11) 
355 ± 88 (1 1) 
361 ± 19.2 (1 1) 
100 
139 ± 13 0 (15) 
156 ± 9 0 11 4) 
85 ± 9 0 (2 4) 
93 ± 4 9 (2 1) 
184 ± 29 11 3) 
195 ± 56 11 3) 
296 ± 11 3 (1 1) 
288 ± 6 3 (1 2) 
388 ± 6 7 11 2) 
383 ± 72 <1 1) 
180 ± 9 3 OO) 
191 ± 2 6 0 (2 0) 
105 ± 10 3 (2 7) 
109± 74 123) 
285 ± 11 8 (1 6) 
271 ± 16 1(1 4) 
360 ± 196 (1 2) 
370 ± 212 (1 1) 
374 ± 8 5 11 2) 
370 ± 8 6 (1 1) 
he numbers represent histidine revertants in terms of mean ± standard de^ 
9, (+) m the presence of S9 Values in parentheses indicate the mutagenic 
le sample/no of spontaneous his"*" revertants in the negative control 
lation S9, liver microsomal fraction, (—) in the absence of 
index Mutagenic index = no of his'*' revertants induced in 
A97a towards the acetone extracts from soil were 
igher than TAIOO. Moreover, significant difference 
/as not found among the mutagenic indexes of TA102 
nd TA104 strains towards the acetonitrile and ace-
}ne extracts. Here again maximum mutagenicity was 
3und m agricultural soil irrigated with wastewater 
ompared to that of ground water irrigated soil. 
Survival pattern of recA, lexA and polA mutants of 
'. coll K-12 and their isogenic wild-type counterparts 
1 the presence of soil extracts is shown in Fig. 1. It 
'as observed that the polA mutant was the most sen-
itive stram when tested with soil extracts but the de-
hne was more pronounced when they were treated 
'ith extracts of soil imgated with wastewater than 
round water extracted soil. The survival was 16 5. 
1.0 and 33.7% in polA strain after 6h of treatment 
'hen tested with wastewater imgated soil extracts of 
methanol, acetonitrile and acetone, respectively. How-
ever, the survival was 45.2, 49.8 and 55.9% in polA 
strain after 6 h of treatment when tested with ground 
water imgated soil extracts of methanol, acetonitrile 
and acetone, respectively. 
Fig. 2 shows the survival of bacteriophage /. with 
the solvent extracts of soil. The decline in plaque 
forming units was more pronounced in lexA mutants 
as compared to their wild-type counterparts. The sur-
vival was 17.7, 24.5 and 31.1% in lexA strain after 
6 h of treatment when tested with wastewater imgated 
soil extracts of methanol, acetonitrile and acetone, 
respectively. However, survival was 47.7, 53.1 and 
66.4% in lexA strain under the same expenmental 
condition when tested with ground water imgated 
soil extracts of methanol, acetonitrile and acetone, 
respectively. 
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wiih wastewater, (c) acetone extract of soil imgated with ground water (c ) acetone extract of soil imgated with wastewater Wild type 
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4. Discussion 
There are a large number of short-term bioassays for 
detectmg genetic toxicity These assays utilize a wide 
range of organisms and cell types and measure a van-
et\ of different genetic changes The genetic damage 
detected represents DNA damage from point muta-
tions to chromosomal mutations However, there is no 
single test that adequately detects the types of geneuc 
damage that may be induced by all chemical classes of 
genotoxic compounds and/or complex chemical mix-
tures Furthermore, only a limited number of tests can 
be utilised for detecting genetic damage from haz-
ardous industrial waste sites under field conditions [2] 
The assay developed by Ames [19] is the most 
commonly used mutagenicity test The Salmonella 
assay has been widely used throughout the world to 
detect the mutagenic activity of complex environ-
mental mixtures [20] It was modified and improved 
several times [15,21-23] The Ames test is very useful 
for detecting mutagens under laboratory conditions 
It was specifically designed to detect chemically in-
duced mutagenesis In fact, it is commonly used in the 
initial screening to determine the mutagenic potential 
of new chemicals and drugs [23] 
Soil irrigated with wastewater contains certain 
agents capable of inducing mutations We have found 
differential pattern of his+ reversion of Ames tester 
strains with different solvents used for the extrac-
tion of mutagenic substances from soil imgated with 
wastewater Methanol extract was being the most 
mutagenic and producing 218 net revertants at the 
dose of 80 JJLI per plate with TA98 strains while the 
net number of his"*" revertants in the presence of ace-
tonitnle and acetone extracts of the same soil with 
TA98 strain were 145 and 62, respectively Cabrera 
and Rodnguez [2] tested the genotoxicity of soil from 
farmland imgated with wastewater using three plant 
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wastewater, (c) acetone extract of soil ungated with ground water, (c') acetone exu-act of soil ungated with wastewater Wild-type (ncA^. 
lexA+) (O), recA (*), /eiA ( • ) 
bioassays and they also reported that contaminated 
soils contained certain agents which are capable of 
inducing mutations. 
Present study indicated that the samples collected 
from ground water irrigated soil was also mutagenic 
to the TA98 strain (mutagenic index = 2.1) when ex-
tracted with methanol at the dose level of 80 JJLI per 
plate. Several workers have also reported that agricul-
tural soil was found to be mutagenic in Salmonella 
mutagenicity assay both in the presence and absence 
of S9 mix [24-27]. Goggleman and Spitzauer [25] 
examined n-hexane/acetone extracts of soil from sev-
eral agricultural fields on which crops such as hops, 
asparagus, rye, oat pasture and meadow grew and 
they showed that all soil samples were mutagenic to 
Salmonella typhimurium TA98 andTAIOO strains with 
some difference in potency. Mutagenicity of soil is re-
lated not only to farming but also to mdustrial and 
vehicular emissions and fires [14]. Products of mi-
croorganisms such as anatoxins are known to be po-
tent mutagens. This type of mutagen. Uke the major 
response in soil extracts, requires activation and re-
sponds better to strain TA98. Microorganisms in soil 
could have a worldwide distribution and may account 
for the mutagen-depth profile by living and producing 
mutagenic products at an optimum depth of 4-10 cm. 
The mutagemcity per gram of soil is \anable in dif-
ferent locations and with the type of plant grown [25]. 
Soil near some cities in Asia (Tokyo, Bangkok, Chaing 
Mai and Manila) has been found to have mutagenic 
effect [28]. 
We have extracted 10 g of soil sample with 10 ml 
of extraction solvents and evaporated it to dryness un-
der reduced pressure and finally made up the volume 
to 1 ml m DMSO so that 1 g of the ^oil is equiva-
lent to 100 nl of the extract. The data presented m the 
Tables 1-3 for the Ames tester strains at the doses of 
20, 40, 60, 80 and lOOn.1 per plate (extract) is equiva-
1- A Aleem 1 ^h lik/\tutali<m Re^eanh 5J8 (20031 l4:>-h-) 
lent lo 0 2 0 4, 0 6. 0 8 and I 0 g of soil respectively 
The number ot net histidine revertants/kg of soil tor 
the TA98 strain with methanolic extract at linear doses 
were 286,000 in the absence of S9 mix and therefore 
demonstrated significant mutagenicitj in the soil sam-
ples Knizeetal [14] tested the genotoxicity of soil us-
ing different solvents employing Ames test and found 
th 11 the strain TA98 was most sensitive to acetonitnle 
exti-cts producing 298.000 his"*" revertants/kg of soil 
W rtila the strain TAIOO was less sensitive producing 
7" ^"0 his"^  revertants/kg of soil 
' r data is indicative of the presence ot methanol 
soli'tiie substances in the soil to be more mutagenic 
th.Ti I hose of acetonitnle and acetone It is obvious that 
undei the experimental conditions only organic sub 
stances would exclusively be extracted For the past 
seNcral decades, organochlonne pesticides have been 
widtiy used for both agncultural and public health 
purposes and there is always a tendency to use tnem 
in e\i.ess For example, the use of DDT has now been 
restncted in many countnes including India, people 
are snll using it, probably because it is economical 
E\en though there is restriction on DDT and HCH, 
the^ have already become universal pollutants and are 
repor'ed from virtually every component of the envi-
ron irent [29] The field survey conducted by the Ali-
garh Muslim University. Aligarh showed that most of 
the organochlonne pesticides are predominantly used 
bv farmers in the vicinity of Aligarh region and these 
pesiuides account for over 97% of the total insec-
ticides and pesticides used and thus agncultural soil 
may become contaminated with these pesticides [30] 
A number of organic and inorganic pollutants from the 
w astewater might enter into the soil as a result of irri-
gation This treatment increases crop production and 
results in the accumulation of toxic substances in soil 
and in the crop as sewage is usually contaminated with 
pollutants, such as heavy metals and polychlonnated 
substances from domestic and industrial wastes that 
enter into the sewer system However, it is difficult to 
isolate and identify all the pollutants because it needs 
the complex analytical techniques and therefore we 
have performed the genotoxicity of soil extract (com-
plex mixtures) using biological test system for deter-
mining the toxicological impact of the industnal and 
municipal discharges Mutagenic response of the or-
ganic extracts of the soil would not necessanly reflect 
the mutagenicity of the pesticides because some of the 
other organic pollutants might also come along with 
the pesticides in the extracts 
The necessity of using different solvents to isolate 
mutagenic constituents from complex environmental 
mixtures was demonstrated by Barbeeetal [31] This 
may be particularly important when microbial trans-
formation impact the soil detoxification process since 
biotransformation and/or biodegradation frequently 
produce intermediate breakdown products which are 
more polar, mutagenic, and mobile than the parent 
compound [32] 
Despite confusion about the properties of genotox-
ins in surface water and municipal wastewater extracts, 
many studies discuss the genotoxicity of substances 
known to be present in mixed municipal wastewater 
These include sanitary wastes, pesticides for lawn and 
garden care, combustion by-products that enter the 
municipal system via surface run off from roadways, 
commercial and industnal areas, as well as discharges 
from hospitals and research institutions that use anti-
neoplastic drugs and expenmental genotoxins [33] 
The sur\ ival pattern of lex A, rec\ andpo/A mutants 
of E coll as well as their isogenic wild-type counter 
parts in presence of soil extracts is >hown in Fig 1 It 
IS postulated that the inducible error prone repair path-
way presumably involving the rec\ and lex A genes 
which could potentially operate on several types of 
lesions in DNA, whether produced b> radiation or en-
vironmental chemicals or by other agents [12,34-36] 
Extracellular treatment of bactenophage k with the 
soil extracts is shown in Fig 2 Soil extract gave sig-
nificant loss of plaque forming units (PFUs) at the 
dose of 80|xl/ml of phage The decline was more 
pronounced in the lexA mutants in the presence ot 
methanolic extract than acetonitnle and acetone ex-
tracts of the same soil The survi\al was 47 79c in lexA 
strain when the phage was treated w ith ground water 
imgated methanolic soil extracts atter 6 h of treatment 
and whereas, it was only 17 7% when tested with the 
extract of soil imgated with wastewater 
The different pnnciples and b'ological end points of 
the Salmonella re\ersion test and of the £ coli DVA 
repair test as well as the comparati\e data obtained in 
this study, clearly indicate that the two expenmental 
models are not alternative but complementary, thus 
supporting the view that they should be conveniently 
combined in any battery of short-term tests predictive 
of carcinogenicity 
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Our results suggest that the agncultural soil imgated 
with wastewater contained certain genotoxic agents 
which are capable of inducing mutations In view 
of the common practice of application of untreated 
wastewaters to agncultural land in the neighbonng 
area should be strictly prohibited as the pollutants 
might enter into the food chain and causing health 
hazards to humans 
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Impact of long-term application of industrial wastewater 
on the emergence of resistance traits in Azotobacter chroococcum 
isolated from rhizospheric soil 
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Abstract 
A total of 57 (^6 and 21) Azoiobaaei chroococcum were iboldted from wheat {Tinicum aestaum) rhizospheric soil irrigated with 
industrial wastewater (about a decade) and ground water (uncontamindted) and characterized on the basis ot morphological 
cultural and biochemical characteristics Rhizospheric soils were anahzed for metal concentrations by atomic abborption spet-
trophotometery and the test soil samples were contaminated with Fe Zn Cu, Cr, Ni and Pb All the isolates of/< iliiootoccum v,ere 
tested for their resistance against Hg '^" Cd-+, Cu""^ , Cr^ , Cr'' , Zn- Ni-^ and Pb-* Among 36 isolates of/iro/iiiac/er from soil 
irrigated with industrial wastewater, 94 4% were resistant to Pb- and Hg-' and 86 1%, 77 5% and 63 8% were resistant to Zn . 
Cr*+ and Cr"^ respectivelv The highest minimum inhibitory concentration of 200 ng/ml for Hg-^ and 1600 ng/ml tor other metals 
were observed against the^e bacteria from soil The incidences of metal resistance and MICs of metals for A ilvooioccum from 
wastewater irrigated soil were significaniK different to those of uncontaminated soil All A chioococcum isolates were tested for then 
resistance against 11 commonK used antibiotics/drugs 91 6% were found to be resistant against nitrofurantoin while 86 4/o and 
80 5% were tound to be resistant against polymyxin-B and co-lrimo\azole respectively Agarose gel electrophoresis using the 
miniprep method lor plasmid isolation revealed that these isolates harboured plasmids of molecular weights 58 8 and 64 5 kb using 
EcoRI and Hmdlll digests ol X DNA and undigested /. DNA as standard markers 
© 2002 Elsevier Science Ltd All rights reserved 
Keywords Industrial wastewater Soil Metal resistance. Antibiotic resistance Plasmid DNA Azotobacter chroococcum 
1. Introduction 
The introduction of heavy metals m vanous forms in 
the environment can produce considerable modifica-
tions of the microbial communities and their activities 
Heavy metals generalU exert an inhibitory action on 
microorganisms by blocking essential functional groups, 
displacing essential metal ions, or modifying the active 
conformation of biological molecules However, at low 
concentration some metals are essential for microor-
ganisms since they provide vital co-factors for metallo-
proteins and enzymes (Doelman et al , 1994, Guzzo 
et al , 1994) The pollution of the environment with 
heavy metals has led to the appearance of heavy-metal-
resistant microorganisms in the soil and water of in-
Correspondinc author 
E-mail address asmalother a \ahoo co in (A Malik) 
dustrial regions In many cases, resistance to heavy 
metals is determined by plasmids (Silver and Misra, 
1988), which can be used for the creation of novel mi-
crobial strains with a high detoxifying activity against 
heavy metals Metal resistance in bacteria is frequently 
coded by genes that are located on plasmids and trans-
posons and is often transferable mtergenerically, in-
terspecially and also from m situ microflora to 
indigenous microflora (Datta and Hedges. 1972, Trevors 
et a l , 1985, Malik and Jaiswal, 2000) The metal resis-
tance IS often associated with resistance to single or 
multiple drugs (Foster, 1983, Malik and Ahmad. 1994) 
In most instances the frequency of heavy metal resis-
tance IS the same or higher than that of antibiotic re-
sistance (Schottel, 1978, Silver and Phung 1996) 
The industrial effluents which include several heavy 
metals are released into the sewage and so can gain entry 
into the soil In most towns of India, the raw sewage is 
used either directly to irrigate the agricultural land as a 
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4liiiii<l<:' I Hiiinsniird Ti i liiirtliii;\ '\6 2'IIIU 7 / ? 
supplemcni ol j^bential plant nutiicnls oi disposed mio 
t'resh v\atcr s'liMms which again can bo used tor agri-
i^ultuial puipcMcs (kansal and Dhaliwal 1994) 
The poteniiai ot sewage sludges loi Lomaininaiing 
soils has caused great coiKein about then applications 
in agricultuie The rate ot pollution to a cei tain degree is 
affected b\ the chemical lorm in which these metals aic 
present m the soils It is known that the chemical torms 
ot meta's I'lect then mobility. rcacti\i'\ and a\ailabil.tv 
to plan'- (Canet et al . 1998) Generalizations legaidmg 
the erteci ot industrial waste on soil microorganisms, 
jsneciiiiK the Ni tixers [zoiohactet IIIU'OKHCW)! aie 
di+cnn i^xai'se so many tactois atlcc^ thj respc. c 
Howevc vUien a susceptible miciobial po,>uia*io;i is ex-
posed t t(.\ic substances, advcise etkcts on that pop-
ula u n "c h.nmd to occur thus disrupting the balance 
IP heecosxstem On the other hand, the system tends to 
cope vMth the hazardous cflects of obnoxious agents by 
developing toleiance against the negative affects of the 
pollutants Hence, the whole process creates a new eco-
system completely difTerent from that pievailing befoie, 
or diinng. the tiansition stages 
11 . objectives ot the piesent study wee to assess the 
impact ot long-term application ot wasieuatei on heavy 
metil concentrations in agricultural holds and also Us 
possible impact on emergence of metal and antibiotic 
rosist.inco m the free living N:-hxei ( iluoococnini 
Isolated from a whe<it rhizosphcic An idditional aim ot 
this study was to isolate plasmids fiom multiple metal-
and a.nibioiic-iesistant stiains 
2. Methods 
2 1 ( ullccnon ol soil sciniph", 
Composite soil samples wore collected tiom a wheat 
rhi/osphero which had been itiigatod with indusiiial 
wasto^vatei tiom factories tor the last In voais and 
ground water (contiol) in the vicinitv ol \ligarh Citv It 
Is worth mentioning that thoie is no tool pioof sepaia-
tion of industrial effluents from domestic wastes and 
these two get mixed up because (a) small-scale industries 
are house based, and (b) proper compaitmentalization 
of different sewerages has not gained popularitv due to 
lack of strict laws and thou entoicomoiit priiceduros 
(Malik and Ahmad 1995) The samples wore collected 
in sterilized polythene bags with the help ot a sterilized 
spatula as desciibed by Reddy et al (1986) 
2 2 Heai\ nit till cmah SIS 
Heavy metal analyses of the soil samples wore carried 
out as described by Malik and Jaiswal (2000) Soil 
samples were oven dried (40 °C) and nnolv ground 
(<0 01 mm), and then ashed in a ciuciblo One giam ash 
was then digested with cone HCl and HNO^ succes-
sively in a latio of ^ 1 The tlask was heated gently until 
the sample was digested, indicated by the formation ot a 
clear solution above the soil residue The mixtuic was 
then reduced to a volume of 1 ml and tiltered thiough 
Whatman no 1 and 42 filter papeis Double distilled 
watei was added as to make up the volume of the hlliate 
to 100 ml Digested soil samples were an.ilyzed foi metal 
concentiations by atomic absorption spectiophoto-
nielery (GBC. Australia) 
2 3 holarion CIIHI uleiirificcition of I (liiooioccmn In m 
Ilirosplu III \(ii' 
The isolation of A (hwoionum was done accoidiug 
to the method described in the Bio-fertihzer Manual 
(Verma and Paul. 200(J) Ten grams of lepiesentative soil 
sample (rhizospheric) was suspended in 90 ml of sterile 
normal saline solution and shaken vigorously for 10 mm 
as described by Reddy et al (1986) Aliquots (0 1 ml) of 
appropriate dilution were plated on Jensen's agar plates 
Plates were incubated at 28-30 X tor 72-96 h in a BOD 
incubator \ttcr the incubation peiiod. colonies showing 
light brown to black pigmentation on Jensen's medium 
were selected for isolation of .'1 iliioocoinini Purifica-
tion was done by repeated streaking and dilution-plate 
techniques using Jensen's agar medium (Verma and 
Paul. 2(J00) 
2 4 Dtliunuiatioii of niininniiii iiiliihiton loiuciitiatioin 
of hull) iiuhih 
Minimum inhibitor) concentrations (MIC) of the 
meta' lor each isolate was deteimmod bv the plate-di-
lution method as adopted by Summeis and Silver (1972) 
and Mahk and Jaiswal (2000) The metals Hg-' Pb-
Cd' Cu Ci . Cr \ r and Zn' weie used as 
HL'CN PbCN, CdCI: CuCl: 2H:0. CrCl, 6H.O 
K-Cr;0- \iCN and ZnCl; in vaiioiis concentrations 
nmging fiom 1 12 to 1200 ng/ml Stock solutions ol the 
metal salts were prepared in double distilled water and 
were added to the Jensen's agar medium in various 
concentratii>ns which was then spot inoculated with 
approximately 3 < 10' organisms The plates weie in-
cubated at ?:s 30 C^ foi 72 96 h The coiicontiation ot 
the metal which permitted growth and beyond which 
there vvas no growth was considered as the MIC of the 
metal against the strain tested ABl 157 and C600 strains 
of E ((ill K-12 were used as control The chaiacteristics 
of ABl 157 were thi-1, argE3, thi-1, leuB6, proA2, 
hisG4. lacYl F , Str', /.' (source Baiabara, Bachman, 
E toll Genetic Stock Centre. Dept of Biology. Yale 
University New Haven USA) and C600 thr-l,leuB6, 
fhuA2I I'acN'l. glnV44, ifbDl glpR200. thi-l (source 
Baiabaia Bachman) 
.1. Alcfiii ., ill. I IlinicMiiiiw Iccliiii>li),i;\,V) ijljlj.!' 7 /.? 
It is well known that there are no currently acceptable 
concentrations of metal ions which can be used to dis-
tinguish metal resistant bacteria and metal sensitive 
bacteria. However, concentrations used in this study 
have been employed in similar studies reported on eu-
bacteria (Trevors et al., 1985; Malik and Ahmad, 1994; 
Malik and Jaiswal, 2000). 
2.5. Determination of antibiotic resi.stance 
The resistance pattern of different isolates of .Azat-
obacter against different antibiotics was determined by 
the disc diffusion method as described by Bauer ct al. 
(1966). The following antibiotics (source: Hi-media) 
were used. Concentration of the antibiotics used was in 
Hg/disc. The symbols and concentrations of respecti\e 
antibiotics are given in parenthesis: Amoxycillin (Am 
25), Cloxacillin (Cx 30), Co-trimoxazole (Cm 30) 
Doxycycline (Do30), Methicillin (M 30), Nitrofurantion 
(Nf 30), Polymyxin-B (Pb 300) Rifampicin (R 2). 
Streptomycin (S 25), Sulphadiazine (Sz 300). Tetracy-
cline (T 30). E. coli B was used as a sensitive strain. 
2.6. Determination ofpH tolerance 
pH tolerance was determined by the method de-
scribed by Tippannavar et al. (1989). Media plates 
(Jensen's agar medium) with pH ranging from 7 to 10 
were prepared. The culture of A. chroococcum already 
grown in Jensen's broth was spot inoculated on the 
plates with approximately 3x10* organisms. The plates 
were incubated at 28-30 °C for 72-96 h. 
2.7. Determination of salt tolerance 
Salt tolerance of the isolated bacterial strains was 
determined by the method as described by Babak (1966). 
Media plates (Jensen's medium) containing various 
concentrations (1.0-5.0%) of sodium chloride were 
prepared. The culture of A. chroococcum already grown 
in Jensen's broth was then spot inoculated on the plates 
with approximately 3x10* organisms. The plates were 
incubated at 28-30 °C for 72-96 h. 
2.8. Isolation of pla.smid DNA 
The plasmids were isolated from Azotohacter strains 
by the method described by Kado and Liu (1981). The 
isolated plasmids were characterized by agarose gel 
electrophoresis according to the standard procedure 
(Maniatis et al.. 1989), The plasmid size estimates of the 
isolated plasmids were obtained by comparing their 
relative mobilities on agarose gel with standard molec-
ular weight DNA markers. 
3. Results and discussion 
The analysis of heavy metals in soil samples collected 
from the wheat rhizosphcrc is summarized in Table 1. 
The data show contamination of soil irrigated with in-
dustrial wastewater by a variety of heavy metals: some 
considered toxic to biological systems. The concentra-
tions of Fe, Zn. Cr and Pb were comparable ic those 
reported by earlier workers in ditTcrcnt regions o\' the 
country (Bansal, 1998: Rao and Shantaram, 1999: Malik 
and Jaiswal. 2000). Bansal (1998i reported the mean 
concentrations of heavy metals in soil irrigated with 
sewage water to be 96-100 (.ig/g for Zn, 34-36 ug/g for 
Cu and 7700-8300 ug/g for Fe. 
A total of 57 A. chroococcum wore isolated and were 
characterized on the basis of morphological, cultural 
and biochemical characteristics. All the isolates of A. 
chroococcum were tested for their resistance against the 
heavy metals Hg--, Cd"", Cu-+, Cf-, Cr"^ Zn--. Ni--
and Pb-" .^ Among 36 isolates of A. chroococcum. 94.4",. 
were found to be resistant to Pb-" and Hg-^. whereas 
86.1%, 77.5% and 63.8'M. exhibited resistance to Zn-". 
Cr*"^ , and Cr^*. respectively (Table 2). The frequency of 
metal resistance in the present study is comparable to 
those reported by other workers (Nakahara et al.. 1987: 
Pacheco et al.. 1995; Malik and Jaiswal. 2000). Naka-
hara et al. (1987) found the frequency of metal resistance 
among gram negative bacteria to be 49% for mercury. 
74% for cadmium and 84% for arsenic. 
Present results showed a high incidence of metal re-
sistance compared to that of uncontaminated soil (Table 
3) which may have been due to the strategic position of 
Table I 
Concentrations 
Soil samples 
(mg/kg) of heavy metals in 
RSI 
RS2 
Soil" (uncontaminated) 
Mean value 
Fe 
862 ±95.6 
1052 ±82.5 
20.6 
rhizospheric soil 
•±SD 
Cr 
.12.5 ±7.3 
42..t ± 9.4 
18 
irrigated with wastewater 
2n Pb 
948 ±138.5 15.9 ±3.6 
1133 ±119.2 23.6 ±5.8 
5.9 1.2 
Ni 
48.5 = 6.3 
.36.4 i 8.5 
0.4 
Cd 
0.5S = 0.03 
1.2 = 0.32 
ND 
Cu 
29.6 = 1.5 
25.4 = 2.6 
1.7 
Each value is the mean of three independent experimenis carried out in duplicate. 
ND: not detected. 
" Adopted from Malik and Jaiswal (2000). 
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^ ilius in p iieiilheses indie ite the pereentage ot the tot il isolates 
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" Nol deleeled 
the aiea ot our stud\ the outskirts of Aligarh Cit\ 
which house; man\ metal industries (Malik and Ahmad 
1^ )05 Malik ind Ahmad 2002) A majorit) of 4 
JiiooiocLuni Strains showed MIC of more than 200 \x°l 
nil to these metals othei MIC values up to 1600 ^g/ml 
were recorded These MICs are exceptionally high 
eompared to pic\ious studies (Horitsu et a l , 1986, Filali 
et al 2000) 
The majoiit\ of the isolates oi A chioococcum from 
metal contaminated soil showed multiple resistance to 
metal ions '^sQ' of the isolates were resistant to the 
eombination ot tour metals and H 8'!^ . were resistant to 
si\ metals at a time Similai observations have been 
reported (Bhagat and Siivasta\a 1991 Campbell et al 
1995, Appanna et al 1996 Malik and laiswal 2000) 
Bhagat and Sri\a^'!\a (199)) isolated sonic /HIL resis-
tant bacterial isolates from industnallv polluted areas ol 
Delhi (India) which were simultaneously resistant to Cu, 
Ni, Mn. Co Cd Pb and Al Metals and various com-
ponents of media could inteiact thus complicating in-
terpretation of the data The test ot toxicity in solid 
media could be useful in the evaluation of metal toxicity 
in sewage sludges and contaminated soil, where condi-
tions of dilTusion complexation and availability of 
metals are dilfeient from those observed in liquid media 
(Massenet al 1998) 
•(. Akvmcl <il. I liiarc'.niirtv 7cihnn/„i;yS6 ty)O.V 7 /.? 
Table 4 
Metal and antibiotic resistance pattern of 36 isolates of A. chroococcum from soil irrigated with industrial waste water 
No. of ami- Antibiotics/drugs 
bio'ijb/metals 
Metals 
No. of resistant (%) isolates Resistance pattern No. of resistant ("/») isolates Resistance pattern 
1 (2.7) 
1 (2.7) 
2 (5.5) 
1 (2.7) 
2(5.5) 
1 (2.7) 
2 (5.5) 
1 (2.7) 
1 (2.7) 
1 (2.7) 
1 (2.7) 
1 (2.7) 
1 (2.7) 
1 (2.7) 
1 (2.7) 
1 (2.7) 
I (2.7) 
I (2.7) 
II (30.5) 
1 (2.7) 
I (2.7) 
1 (2.7) 
1 (2.7) 
Cm, Cx 
Nf, Cm, Sz 
Nf, Cm, Pb 
Nf. Cx. R. Pb 
Nf, R, Sz, Pb 
Nf. Cx, M, Cx 
Nf, Cm, R. Sz 
Cx, R, Pb. Sz 
Nf, Cm, Cx, Pb 
Cx. Cm, Pb, Sz 
Nf, Cm, Pb. Sz 
Nf. Cm, Cx, R. Pb 
Nf, Cm. C\. R. Sz 
Nf. Cm, M. Pb. Sz 
Nf, Am, Cm, R. Pb, Sz 
Nf. Am.Cm. M. Pb. Cx 
Nf. Am. M, R. Pb.Cx 
Nf. M. Cx. R. Pb. Sz 
Nf. Cm. Cx. R. Pb. Sz 
1 (2.7) 
1 (2.7) 
2(5.5) 
1 (2.7) 
2 (5.5) 
1 (2.7) 
3 (8.3) 
1 (2.7) 
2 (5.5) 
1 (2.7) 
5(13.8) 
4(11.1) 
1 (2.7) 
2 (5.5) 
1 (2.7) 
1 (2.7) 
1 (2.7) 
1 (2.7) 
2(5.5) 
1 (2.7) 
2 (5.5) 
Nf. S. Cm. Cx. R. Pb, Sz 
Nf, Am, M. Cx. R. Pb, Sz 
Nf, Am, M, Cm. Cx, R, Pb 
Nf, Do, M, Cm. Cx. R. Pb, Sz 
Hg-*, Ni^+.Zn--
Cr ' - .Pb- ' .Cr ' ' -
Cr'- . Pb--.Zn--
Cr'-, Pb- \Cu--
Cr'-, P b - \ Ni--
Hg--, Pb--,Cu--
Zn--. C r ' \ P b - \ Cr 
Cu- - ,Cr ' ' . Pb--. Cr" 
Hg--,Cu--. Pb--. Cr" 
Hg- , Ni--, Pb--. Cr 
Hg-- ,Ni-- ,Pb-- . C.-^  
Zn--
Zn--
Hg--
Hg^-
Hg-
Hg-
Hg-
Hg--
Cr*-
Ni-^, 
Cr"-
Hg=-
Cr*-
, Cu--
. Cu--
, Cir-
. Zn--
, Ni--
. Zn'-
, Ni--
, Zn--
Zn--
, Ni=-
. Cr'-
,Cr ' 
. Cr' 
,Cu-
. Zn-
.Cr ' 
, CLI-
, Cu--
. Cu--
, Cu--
. P?--
. P---
. ?- - -
. Cr^-
. Cr -
. P?-
. Cr 
.Cr -
. Cr • 
. C: -
. Cr" 
. Ni-
. Cr" 
. Pb-
. Pb-
. Cr" 
. Cr" 
. Pb-
. Pb-
. Pb-
Values in parentheses indicate the percentage of the total isolates. 
"Not detected. 
The intrinsic antibiotic resistance of the isolated 
strains (Table 4) showed a high level of resistance 
against nitrofurantoin (91.6%). polymixin-B (86.1"/.) 
and co-trimoxazole (80.5%). Almost all the isolates of/4. 
chroococcum were found to have multiple resistant to 
antibiotics. Skryabin et al. (1983) also found that all 
the tested strains of A. chroococcum were resistant to 
chloramphenicol and sensitive to tetracycline, ampicil-
lin, streptomycin, and rifampicin. Seven different types 
of resistance pattern were observed. 41.3% of the iso-
lates were resistant to six different antibiotics/drugs at a 
time. The data of multiple antibiotic and metal resis-
tances indicated that this pattern of resistance may be 
plasmid mediated because this type of resistance is 
commonly found in gram negative bacteria (Silva and 
Hoffer, 1993). 
All the isolates of Azotobacter showed confluent 
growth at a salt concentration of \% (as also obser\ed by 
Bernard et al., 1986). Salt concentrations of 2-3 .. were 
tolerated by only a few isolates of/4. chroococcum. while 
others were sensitive (Table 5). The results of Tippan-
navar et al. (1989) agree with the above findings. They 
reported that strains of Azotobacter could tolerate NaCl 
concentration upto y/o. In our study S% salt concen-
tration was found to be inhibitory to all of the isolates. 
Neutral pH has no inhibitory effect on the growth of 
any of the isolates tested, while 80.8"/o of the isolates 
were tolerant to pH 10. Similar observations were made 
by Mahmood et al. (1978), It is probable that an or-
ganism challenged at extreme pH will be less tolerant to 
toxic substances than under a pH regime that is close to 
the optimum conditions. Most of the desirable soil 
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microbiological acii.itics of AintolMuicr arc ad\ersely 
aflected as the pH di,vivascs. ThcrclV,re. IIK- alkaline pH 
of the tc>t soil sample made ii easier to monitor the ef-
fects due to the apparent toxicity of heavy metals iBa-
ath. 19s;9). 
Although the aforementioned parameters stronglv 
suggested the presence of plasmid DN.\. a direct ex-
pcrimeni wa.s rcqui:ed to ascertain uheihcr or r.oi K 
sistance \>.as a plasirnd mediated character. We screened 
several mLilii|ile metal and ar.tibiotic resistant strains of 
A. chroitcdcciiiit foi' the presence ot' plasmid DNA. The 
figure <lic>\\% an ag.ii.'se gel e'ectrojihoietic profile of the 
plasmid \)\\ isolau\i fiom .1. rhni<ic(ivc;iin strains \ 1 | 
and GT in l.mes b :ind e rcspcL;i\el\ (lig. h. 
The molecular v.eights of unkn4>\Mi plasmids were 
determined b\' c(i!V4'>arinL; tlie ielati\e mobilitie> on 
Fig. 1. .Agarose gel electrophorelic proliles of plasmid DNA isolated 
Irom tuo distinct .(. ihrn'-ioccwii strains: Lane a /. DNA digested 
with EcoRl and lliiulll/: l.ane b plasmid isolated from .). chrnn-
aHciiiii . \1;: Lane L' pia^niid i.->olaled Ironi .1. ilinimiin iiiii GJ : Lane 
d—undigested X DN.A. 
agarose gel with standard DNA markers. The molecular 
weights of plasmids isolated from strains M| and GT| 
were 58.8 and 64.5 kb (kilo base pairs). Our findings are 
similar to those reported by Maia et al. (1988). They 
isolated plasmid DNA from A. vinelanclii and reported 
that the molecular weight was in the range of 13.5-78 
kb. On the contrary, Robson et al. (1984) reported the 
presence of multiple plasmids (2-6) in A. chroococcum 
strains ranging from 10 to 300 kb in size. However the 
standard laboratory strains used by them contained only 
single plasmid DNA. 
4. C nnclusion 
The findings suggest that rhizospheric soil irrigated 
with industrial wastewater contained high levels of Fe, 
Cr. Zn. Pb. Ni, Cd and Cu as compared with the levels 
of these metals at the unpolluted site. The levels of Fe 
and Zn were highest in soils irrigated with industrial 
wastewater. This might have been due to the strategic 
position of the area of our study, namely the outskirts of 
.Migarh City which house many lock manufacturing, 
steel and electroplating industries and their effluents 
would contain quite a targe amount of these metals 
(Malik and Ahmad. 1995. 2002) and would enter the 
sewage system. Al present, many risk assessments and 
regulations for the application of sewage sludge in many 
conmries are based on the total trace metal concentra-
tions in the soils iRa^ SLanUiraiTi. 1999; Malik and 
Ahmad. 2002). However, the present study indicated 
that despite these toxic stresses, the /(. chroococcum 
isolates ha\e evoked resistance mechanisms to deal with 
metal toxicity which include volatilization, extracellular 
precipitation and exclusion, binding to cell surface, and 
intracellular sequestration. It is evident from these 
studies that the AzuUihiKiey population in the test sys-
tem responded lo the long-term application of industrial 
wastewater by an increase in resistance to several un-
desirable agents and maintained physiological traits that 
could benefit microbial maintenance and survival in 
contaminated environments. 
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